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Abstract 
Palladium-Catalyzed Cross-Coupling and Related Reactions of Non-Classical Electrophiles 
Focusing on Esters 
Amira H. Dardir 
2021 
 This thesis summarizes work related to the development of mild palladium-catalyzed cross-
coupling reactions of phenyl- and benzyl- esters, which undergo different C-O bond cleavage 
selectivity, the scope of the reactions and applications, and mechanistic understanding of 
precatalyst activation and the oxidative addition steps. The first chapter of this thesis is an 
introduction summarizing palladium-catalyzed cross-coupling reactions of non-classical 
electrophiles. The second chapter focus on the development of mild palladium-catalyzed non-
decarbonylative Suzuk-Miyuara and Buchwald Hartwig cross-coupling reactions of phenyl aryl- 
and alkyl-esters to generate ketenes and amides, respectively. The third chapter is the extension of 
the Suzuki-Miyuara reactions to phenyl ester derivatives of aspartic acid to synthesize aryl amino 
ketones. Chapter four describes the development of mild palladium-catalyzed Suzuki-Miyuara 
reactions of diaryl methyl 2,3,4,5,6-pentafluorobenzoates to synthesize triarylmethanes. 
 The first appendix describes preliminary work on palladium-catalyzed benzylic 
decarboxylation reactions as a more atom economical method for the synthesis of diarylmethanes. 
The second appendix describes preliminary work on palladium-catalyzed Suzuki-Miyaura 
reactions of activated aziridines and stoichiometric reactions of phosphine ligated nickel 
complexes with activated aziridines. 
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Chapter 1: The Use of Non-Classical Electrophiles in Palladium-Catalyzed Cross-
Coupling Reactions 
I. Thesis prospectus  
 This thesis describes transition metal-catalyzed cross-coupling and related 
reactions involving non-classical electrophiles, with an emphasis on palladium-catalyzed 
transformations of esters. This chapter (Chapter 1) provides a general introduction to 
transition metal-catalyzed cross-coupling (focusing on palladium-catalyzed reactions), the 
use of precatalysts in coupling reactions, and non-classical electrophiles. More detailed, 
topic specific introductions are given at the start of each of the following chapters. Chapter 
2 describes mild palladium-catalyzed non-decarbonylative Suzuki-Miyuara and 
Buchwald-Hartwig reactions of phenyl esters with aryl boronic acids and primary aryl 
amines to form ketones and amides, respectively. The role of efficient precatalyst 
activation in improving the reactions is discussed. Chapter 3 builds on chapter 2 and 
reports the application of palladium-catalyzed non-decarbonylative Suzuki-Miyuara 
reactions of phenyl ester derivatives of amino acids to form aryl amino ketones. Chapter 
4 describes palladium-catalyzed Suzuki-Miyaura reactions of diarylmethyl ester 
derivatives to synthesize triarylmethane products. Appendix 1 presents preliminary work 
on an atom economical approach for the synthesis of diarylmethanes through palladium-
catalyzed benzylic decarboxylation reactions of benzyl benzoate derivatives. Appendix 2 
discusses briefly palladium-catalyzed Suzuki-Miyaura reactions of activated aziridines 
followed by a description of phosphine ligated nickallaaziridine complexes that are 
generated from oxidative addition and subsequent β-hydride elimination in the reaction of 
aziridines to nickel.  
	 2	
II. Introduction  
Palladium-catalyzed cross-coupling reactions 
 Transition metal-catalyzed cross-coupling and related reactions, particularly those 
involving homogeneous palladium catalysts, are among the most commonly utilized 
synthetic methods in the preparation of industrially relevant organic molecules, including 
pharmaceuticals,1 agrochemicals,2 polymers,3 and electronics.4 The significance of these 
reactions to the synthetic community was recognized by the award of the 2010 Nobel Prize 
in Chemistry to R. F. Heck, E. I. Negishi, and A. Suzuki for ‘developing new ways of 
linking carbon atoms together that has allowed scientists to make medicines and better 
electronics’.5 Traditionally these reactions involve an aryl halide as the electrophile and the 



























































reactions are named based on the nucleophile used (Figure 1.01). Although there is some 
variation in the mechanism of the different cross-coupling reactions, they often use 
palladium catalysts and follow a general catalytic cycle with the same elementary steps 
(Figure 1.02). Typically, the reactions proceed via a Pd0/PdII cycle, starting with oxidative 
addition of the electrophile to the Pd0 active species followed by transmetallation (or ligand 
exchange or insertion) of the nucleophile and then reductive elimination to form the 
product and regenerate the catalyst. When a PdII precatalyst is used, an activation step 
occurs to generate the active Pd0 catalyst.  
 The oxidative addition step is often turnover-limiting for palladium-catalyzed 
cross-coupling reactions. This step is accelerated when electron-rich metal centers are used, 
therefore, electron donating phosphine or N-heterocyclic carbene (NHC) ligands are 
commonly used in palladium-catalyzed cross-coupling reactions.6 Sterically bulky ligands 
can help facilitate reductive elimination as well as stabilize the coordinatively unsaturated 
Pd0 catalyst.7 The transmetallation step in cross-coupling reactions tends to depend on the 






















reaction conditions. In the Suzuki-Miyuara and Buchwald-Hartwig reactions, base plays 
an important role in the transmetallation step.8 For example, in the Pd-catalyzed Suzuki-
Miyaura reaction two transmetallation pathways have been proposed.9 In the presence of a 
strong nucleophile, an exchange of X on the PdII oxidative addition complex with the 
nucleophile can occur, followed by a reaction with the boronic acid (Figure 1.03, Pathway 
1). Alternatively, the base can react with the boronic acid to generate an anionic 
organoborate, followed by an exchange of the organic group with X on the PdII oxidative 
addition complex (Figure 1.03, Pathway 2).  
Generally, when optimizing a reaction, catalyst, base, salt additives and solvents 
are screened to determine the most suitable conditions. The role of solvent in cross-
coupling reactions is typically poorly understood, however, it can have a major impact on 
reaction rates, product selectivity, and yields.10  Solvent polarity, acidity/basicity, donor 
strength, and boiling point are all properties to consider. For example, a coordinating 
solvent can stabilize a catalyst and increase its lifetime by binding to an open coordination 






























Comparing properties of group 10 metals for cross-coupling  
 Due to the high activity and practicality of palladium catalysts, they are the most 
widely used of the group 10 metal catalysts for cross-coupling reactions. While initially 
nickel was proposed to simply be a more economical substitute for palladium in traditional 
cross-coupling reactions, recent work has shown that its ability to participate in one-
electron redox chemistry can lead to new reactions, such as metallophotoredox catalysis 
and cross-electrophile coupling.11 In contrast, in traditional cross-coupling reactions one 
electron processes typically result in detrimental side reactivity.12   
The difference in reactivity of group 10 metals in traditional cross-coupling 
reactions can in part be understood from the bond dissociation energies (BDEs) of M-C 
bonds (in L2(X)MII-CH3) (Table 1.01).13 The more reactive Ni-C bond relative to Pd-C 
bond leads to a more difficult to control system, while the stable Pt-C bond leads to the 
least reactive complex. The modest reactivity of complexes containing a Pt-C bond has 
resulted in their use as model complexes for mechanistic studies.14 The diverse reactivity 
of nickel in modern coupling reactions can be understood from the propensity of the M-C 
complexes to undergo homolytic bond cleavage. While Ni0/NiII catalytic cycles are 
common, nickel has a higher tendency for radical formation accessing mechanisms based 
on NiI/NiIII or Ni0/NiII/NiI cycles.15 This variation has led to relatively less mechanistic 
understanding of nickel systems compared to palladium.	  






Table 1.01: Bond dissociation energies (BDE) of M-C bonds in L2(X)MII-CH3. 
	 6	
Common ancillary ligands for palladium-catalyzed cross-coupling reactions  
 The most commonly utilized ancillary ligands for palladium-catalyzed cross-
coupling reactions are phosphine, including Buchwald’s biaryl monophosphine, and N-
heterocyclic carbene (NHC) ligands.7 Phosphine and NHC ligands are good σ-donors, and 
weak π-acceptors, which results in a strong Pd-L bond. The Tolman electronic parameters 
(TEP) are often used to determine the electronic properties of ligands, by measuring the IR 
stretching frequency of the carbonyl ligand(s) for complexes of type [M(CO)nL] (M = Ni, 
Rh, or Ir).16 The more donating the ancillary ligand the lower the stretching frequency of 
the carbonyl ligand(s).  
Tolman cone angles (θ) (for phosphine ligands), percent buried volume (%Vbur), 
and bite angle (for bidentate ligands) are commonly used to investigate the steric properties 
of ligands (Figure 1.04).7 The Tolman cone angle (θ) measures the physical space that 
phosphine ligands occupy,16a which is not suitable for NHC ligands because the steric 
properties of NHC ligands differ from phosphine ligands with substituents on the former 
pointing towards the metal center and the latter pointing away. Therefore, percent buried 
volume (%Vbur) was introduced, which measures the percent of the volume of a sphere 
(with a defined radius and a metal at the center) that a ligand occupies.17 A correlation 
between %Vbur and θ for tertiary phosphine ligands allows for comparison between 
phosphine and NHC ligands.17 Chelating ligands lead to more stable catalysts and increased 

















geometric constraints that can influence the elementary steps in a reaction by stabilizing or 
destabilizing intermediates or transition states.18  
Biaryl monophosphine ligands developed by the Buchwald group are frequently 
used for Pd-catalyzed cross-coupling reactions due to their high activity. These ligands are 
highly modular and can be tuned for various applications.19 Different structural features 
improve the rate of oxidative addition and reductive elimination, prevent off-cycle 
bis(ligated)-Pd0 species from forming, and inhibit ligand decomposition (cyclometallation 
and oxidation) (Figure 1.05, right).6a, 20 The bottom arene ring of the biaryl motif can help 
stabilize the unsaturated metal center through a Pd-arene interaction with the ipso-carbon 
(Figure 1.05, right).6a	 
 Free NHCs were first isolated by Arduengo in 199121 and Pd-NHC complexes were 
first used in cross-coupling reactions by Hermann in 1995.22 NHC ligands can differ in the 
number of nitrogen atoms present (at least one adjacent to the carbene), N-substituents(s) 
(aryl or alkyl and symmetric or asymmetric), backbone saturation and substituents, and 
ring size (Figure 1.06, top).16d Common NHC ligands used for cross-coupling reactions 
are based on five-membered azole scaffolds, such as benzimidazoles, imidazoles, and 
imidazolines, with increased electron donation moving down the latter list (Figure 1.06, 
bottom).23 Comparison of the electron-donating properties of phosphine and NHC ligands 






R1 and R2: 
- electron rich groups 
facilitate oxidative 
addition.
- bulky group promotes 
reductive elimination.









- decreases O2 oxidation 
of phosphine.
- allows for stabilizing Pd-
arene interactions.
- promotes reductive 
elimination.
R4:












show that NHC ligands are more electron-rich,16b, 16c leading to complexes that have a 
greater tendency to undergo oxidative addition.  
 
Palladium precatalysts for cross-coupling and related reactions  
The cost of the highly active, modern ligands discussed above can be comparable 
to the cost of palladium precursors.24 Therefore, the traditional route for generating the 
active palladium catalyst through the addition of a palladium precursor (for example, 
Pd2(dba)3 or Pd(OAc)2) and excess ligand can be costly and undesirable. Further, in many 
cross-coupling reactions the active catalyst is monoligated palladium(0), but the addition 
of excess ligand can generate off-cycle palladium species with more than one ligand bound. 
Therefore, precatalysts, which are activated under catalytic conditions to generate 
monoligated palladium(0), are advantageous because of their increased activity, stability, 
Figure 1.06: Structural features of NHC ligands and common NHC ligands for cross-
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operational simplicity, and control of the palladium to ligand ratio.24 There are a number 
of air- and moisture-stable PdII precatalysts developed for cross-coupling reactions that are 
commercially available. These include palladacyles (Buchwald),25 Pyridine-Enhanced 
Precatalyst Preparation Stabilization and Initiation (PEPPSI) (Organ),26 and η3-allyl-type 
(Nolan, Colacot, Yale)27 precatalysts (Figure 1.07, top).  
Buchwald’s palladacycle precatalysts are typically used with phosphine ligands, 
including Buchwald’s dialkylbiarylphosphine ligands, while PEPPSI precatalysts are used 
with NHC ligands. η3-allyl-type precatalysts, including allyl, crotyl, cinnamyl, and 1-tert-
butyl-indenyl, are compatible with both phosphine and NHC ligands. PEPPSI precatalysts 
can accommodate bulky NHC ligands, such as IPentH/Cl and IHeptCl.28 To make 
Buchwald’s palladacycle and η3-allyl-type precatalysts compatible with sterically bulky 
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phosphine ligands, the typically used chloro ligand is replaced with more weakly 
coordinating ligands, such as mesylato and triflato.27c, 29 Dimeric precursors of Buchwald’s 
palladacycle29 and η3-allyl-type precatalysts27b, 27d, 30 can be used to easily screen ligands 
through in-situ generation of the precatalysts (Figure 1.07, bottom).  
Activation of Buchwald’s palladacycle precatalysts occurs through deprotonation 
of the ligated amine using a Brønsted base, which is typically present in the catalytic 
reaction, followed by reductive elimination, generating indoles or carbazoles (Figure 1.08, 
top). PEPPSI precatalysts are reduced to active catalysts through two sequential 
transmetallation steps with the nucleophile used in the reaction, followed by reductive 
elimination and pyridine dissociation (Figure 1.08, bottom).  
Depending on the reaction conditions there are three plausible activation pathways 
for η3-allyl-type precatalysts (Figure 1.09).31 In the presence of alcoholic solvents with b-
hydrogen(s), an alcohol molecule can displace the halide on the precatalyst, be 
deprotonated by base, and undergo either stepwise b-hydride elimination and reductive 
elimination steps (Pathway 1 (a)) or concerted hydrogen shift, transferring the hydrogen 
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to the allyl ligand (Pathway 1 (b)). Alternatively, in the presence of a strongly nucleophilic 
base, addition to the allyl ligand can occur (Pathway 2). Finally, the precatalyst can 
undergo sequential transmetallation with the nucleophilic coupling partner and reductive 
elimination steps (Pathway 3).  
Previous graduate students in the Hazari group, Patrick R. Melvin and Damian P. 
Hruszkewycz, reported that the efficiency of the η3-allyl-type precatalysts is determined 
by the rates of PdII precatalyst activation to the monoligated Pd0 active catalyst and 
comproportionation of PdII and Pd0 to form detrimental PdI µ-allyl dimers (Figure 1.10).31-














































Figure 1.09: Plausible η3-allyl-type precatalyst activation pathways. 
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improved activation via the aromatic group of the indenyl ligand and prevention of 
dimerization via the bulky tBu group.27d Colacot reported that with sterically demanding 
phosphine ligands, η3-allyl and crotyl palladium precatalysts do not form the detrimental 
PdI µ-allyl dimer during activation.27c   
 
Nucleophiles for C-C bond forming cross-coupling reactions 
 As depicted in Figure 1.01, there are a number of transition-metal catalyzed cross-
coupling reactions for C-C bond formation, for example, Kumada (Grignards), Negishi 
(organozincs), Stille (organotins), Suzuki-Miyaura (organoborons), and Hiyama-Denmark 
(organosilicons). Moving along this list, the nucleophiles for these reactions are milder, 
more stable, and show improved chemoselectivity, however, they also exhibit decreased 
reactivity (Figure 1.11). Suzuki-Miyaura reactions are among the most widely used 
reactions for C-C bond formation because organoboron reagents are commercially 
available and inexpensive, simple to synthesize, relatively stable and nontoxic, and are easy 
to scale-up.33  
























Classical electrophiles for cross-coupling reactions 
 sp2-hybridized iodides and bromides were the first electrophiles used in cross-
coupling reactions due to their high reactivity (Figure 1.12).34 As more active catalysts 
were developed, less reactive sp2-hybridized chlorides35 and fluorides36 were coupled. The 
more stable electrophiles are advantageous because they can be stored for longer periods 
of times and can be carried through a synthetic sequence. Sulfonates, such as triflates, have 
been used as pseudo-halide electrophiles (Figure 1.13)37 and typically have similar 
reactivity to bromides, however, they are moisture sensitive and relatively more expensive.   
 Cross-coupling reactions with sp3-hybridized electrophiles are less developed than 
those with sp2-hybridized electrophiles. This is a result of more challenging oxidative 
addition and the tendency of the oxidative addition intermediates to undergo β-hydride 
elimination, particularly with palladium catalysts (Figure 1.14).15, 38 β-hydride elimination 
Figure 1.11: Named transition metal-catalyzed cross-coupling reactions and their 
nucleophiles for C-C bond formation. 
R MgX R ZnX R SnR3 R B(OR)2 R SiR3
Milder nucleophile; increased stability; increasing 
selectivity; decreased reactivity
Kumada Negishi Stille Suzuki-Miyuara
Hiyama-
Denmark
< < < <
 
 
Figure 1.12: Bond dissociation energies (BDE) of phenyl halides. 
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tends to be slower with nickel compared to palladium catalysts because the energy barrier 




Figure 1.13: Common classical and non-classical electrophiles for transition metal-
catalyzed cross-coupling reactions. 
 
Figure 1.14: β-hydride elimination of alkyl-palladium complex following oxidative 
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Non-classical electrophiles for cross-coupling reactions  
 As transition metal-catalyzed cross-coupling has developed, a number of non-
classical (non-aryl halide) electrophiles have been explored, including phenol derivatives 
(sulfamates/carbamates/carbonates, ethers, and esters), carboxylic acid derivatives (acyl 
chlorides, acid anhydrides, thioesters, and esters), and electrophiles based on carbon-
nitrogen bond cleavages (aziridines, nitroarenes, and ammonium and pyridinium salts) 
(Figure 1.13).40 While organic halides have been extensively used in industry and 
academia, drawbacks of this class of electrophile include difficulty in chemo- and 
regioselectively accessing organic halides in synthetic intermediates and generation of 
toxic halogenated waste. Therefore, the development of alternative electrophiles for cross-
coupling that are practical, abundant, readily available, and non-toxic is a major area of 
research. Additionally, electrophiles that can provide orthogonal cross-coupling or 
alternative products are also desired.41  
Carbon-oxygen bond cleavages  
Electrophiles based on phenol derivatives (Figure 1.13) are easy to synthesize and 
robust,42 so they can be stored for extended periods of time and can be carried through 
numerous synthetic steps. Some phenol derivatives act as directing groups for C-H 
functionalization, such as sulfamates and carbamates,43 or protecting groups, such as 
carbonates,44 making them attractive electrophiles. Ethers are common motifs in 
pharmaceutical and agrochemicals, 45 however, they are less common coupling partners 
due to their low reactivity.46 It has been proposed that nickel catalysts outperform 
palladium catalysts in the cross-coupling of sulfamates, carbamates, carbonates, and ethers 
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because nickel is relatively electropositive and oxidative addition decreases electron 
density around the metal center, therefore, resulting in a kinetically more facile oxidative 
addition step.15, 40 
Unactivated esters are valuable electrophiles in cross-coupling reactions and are 
often readily synthesized from carboxylic acids/acyl chlorides or alcohols, and are common 
intermediates in organic synthesis.47 Esters can undergo oxidative addition at two sites, 
cleavage of the O-C(R) bond or of the C(acyl)-O bond (Figure 1.15, Pathways 1, 2, & 3). 
Following the cleavage of the C(acyl)-O bond, the reaction may proceed either through a 
decarbonylative (Pathway 1) or a non-decarbonylative pathway (Pathway 2). All three 
pathways can be accessed with high selectivity depending on the substrate, catalyst/ligand, 
and reaction conditions used.47   
Carbon-nitrogen bond cleavages  
 Cleavage of C-N bonds of amides via cross-coupling reactions can be challenging 
due to amide bond resonance stabilization (n to π*) (Figure 1.16, top). Initially, imides, 
activated by N-electron withdrawing substitutions, were used instead of amides in cross-




































coupling reactions (Figure 1.16, bottom). Later, bulky substitutuents on the nitrogen were 
used to twist the amides and disrupt the resonance, making the acyl carbon-nitrogen bond 
easier to oxidatively add (Figure 1.16, bottom). Similar to what has been observed in the 
cross-coupling of esters, amides can undergo decarbonylative and non-decarbonylative 
cross-coupling reactions.48	 
 Activated azridines, three-membered strained azaheterocycles, are attractive 
electrophiles for cross-coupling reactions because they provide an efficient synthesis of β-
phenethylamine derivatives. β-Phenethylamines are common motifs in neurotransmitters, 
and abnormal levels have been linked to cases of attention deficit hyperactivity disorder 
(ADHD), schizophrenia, Alzheimer’s disease, and depression.49 Aziridines undergo a 
regioselectivity-determining SN2-type oxidative addition step to form a zwitterionic or a 
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four-membered azametallacycle intermediate (Figure 1.17).50 While regioselectivity 
appears to be highly substrate dependent, with aryl-aziridines undergoing bond cleavage at 
the arylated C-N bond and alkyl- aziridines undergoing bond cleavage at the less hindered 
C-N bond, aryl-aziridines have also been known to ring open at the less hindered C-N 
bond.50b, 51  
 Aryl halides are often prepared from the nitration of arenes, reduction to anilines, 
and finally, a Sandmeyer reaction.40 The direct use of nitroarenes as electrophiles, presents 
an atom economical approach. Current methods require high temperature and catalyst 
loadings,52 therefore, catalysts that lower the barrier to oxidative addition, the proposed 
rate-limiting step, must be developed to make nitroarenes practical electrophiles. The high 
carbon-nitrogen bond energy of aryl, benzyl, and alkyl amines makes their direct use as 
electrophiles unfeasable, however, their conversion to ammonium or pyridinium salts 
activates the carbon-nitrogen bond for oxidative addition.53   
 
III. Conclusions 
 There is a strong desire to develop transition metal-catalyzed cross-coupling 
reactions that use non-classical electrophiles that are prevalent, robust, and contain atom 
economical, and non-toxic leaving groups. Additionally, easier synthesis of products other 
than biaryls is desired, and can be achieved through the use of non-classical electrophiles 
such as esters, amides, and aziridines. To date, significant advances have been made in the 
use of non-classical electrophiles in cross-coupling reactions, however, milder reaction 
conditions and improved functional group tolerance are required to increase the practicality 
of these transformations. The efficient cross-coupling of non-classical electrophiles at mild 
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conditions may require the development of more active catalysts with more donating 
ancillary ligands. As more specialized and likely costly ligands are utilized, there is also a 
need for precatalysts that activate at mild conditions. The following chapters and 
appendices explore the development of mild reaction conditions for palladium-catalyzed 
cross-coupling and related reactions of esters and aziridines to generate diverse products, 
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Chapter 2: A Rapidly Activating Palladium-Precatalyst for Suzuki-Miyaura and 
Buchwald-Hartwig Reactions of Aryl Esters 
The majority of the work in this chapter has been previously published as J. Org. Chem. 
2018, 83, 469-477. Dr. Patrick Melvin and I are co-first authors on that work. Dr. Patrick 
R. Melvin showed that (h3-1-tBu-indenyl)Pd(IPr)(Cl) can couple phenyl esters with phenyl 
boronic acid (at room temperature) and aniline to generate ketones and amides, 
respectively. I further optimized the Buchwald-Hartwig reaction and completed the 
substrate scopes for the Suzuki-Miyaura and Buchwald-Hartwig reactions with help from 
Dr. Megan Mohadjer Beromi and Ryan M. Davis. Dr. Melvin performed the activation 
experiments for the Suzuki-Miyaura reaction, and I performed the experiments for 
Buchwald-Hartwig reaction. I synthesized the starting materials for the project. 
 
I. Introduction 
 In the last decade it has been demonstrated that aryl esters can be used as 
electrophiles in cross-coupling reactions.1 Unactivated aryl esters are valuable substrates 
because they can readily be synthesized from phenols2 or carboxylic acids,3 are bench 
stable, and are common intermediates in organic synthesis. Suzuki-Miyaura reactions 
involving cleavage of the C(acyl)–O bond in aryl esters represent a straightforward method 
for the synthesis of ketones from stable carboxylic acid derivatives. They offer significant 
advantages in terms of chemoselectivity, functional group tolerance, and atom economy 
compared to standard stoichiometric routes for the synthesis of aryl ketones, such as the 
addition of organometallic nucleophiles to Weinreb amides.4 Similarly, Buchwald-Hartwig 
reactions between aryl esters and amines to generate amides, especially those that involve 
	 26	
non-nucleophilic amines, provide advantages over conventional routes to these 
biologically relevant molecules.5 However, the use of aryl esters as electrophiles can lead 
to selectivity problems as either the C(aryl)–O bond6 or the C(acyl)–O bond7 can 
potentially be cleaved (Chapter 1, Figure 1.15, Pathways 1, 2, & 3).8 Additionally, 
cleavage of the C(acyl)–O bond followed by decarbonylation provides an additional 
pathway (Chapter 1, Figure 1.15, Pathway 1).9  
Initially, Yamaguchi and co-workers performed Ni-catalyzed decarbonylative 
Suzuki-Miyuara reactions of phenyl aryl- and benzyl-esters.9a Subsequently, in 2016 they 
demonstrated Pd-catalyzed decarbonylative Suzuki-Miyuara cross-coupling reactions of 
phenyl 2-azinecarboxylates (Figure 2.01 (a)).9c In 2017 Newman et al. developed Pd-
catalyzed non-decarbonylative Suzuki-Miyaura reactions of phenyl aryl- and alkyl- esters 
with aryl boronic acids,7b which was followed by Buchwald-Hartwig reactions of phenyl 
aryl- and alkyl- esters with primary aryl amines (Figure 2.01 (b)).7c Following the group’s 
initial report, Newman et al. took advantage of this apparent ligand controlled selectivity 
in a set of Pd-catalyzed Suzuki-Miyuara reactions of phenyl esters with alkyl boranes to 
form C(sp2)-C(sp3) bonds via non-decarbonylative and decarbonylative pathways (Figure 
2.01 (c)).8b Seminal examples of aryl ester cross-coupling reactions required harsh 
conditions, such as elevated temperatures, high catalyst loadings, and a significant excess 
of nucleophile and base, which limits the practicality of these reactions. A number of 
additional reports utilizing phenyl esters as electrophiles for Pd-catalyzed non-
decarbonylative Suzuki-Miyaura and Buchwald-Hartwig cross-coupling to form ketones 
and amides, respectively, have been reported since 2015.7e, 10   
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 In this chapter we demonstrate that due to the rapid activation of (h3-1-tBu-
indenyl)Pd(NHC)(Cl) precatalysts we can perform Suzuki-Miyaura and Buchwald-
Hartwig reactions involving the cleavage of the C(acyl)–O bond of aryl esters under mild 
conditions. In fact, Suzuki-Miyaura reactions can be performed at room temperature using 
just 1 mol % catalyst loading, which are conditions comparable to reactions involving aryl 
halides.11 We note that while our work was in progress Szostak and co-workers reported 

























































Figure 2.01: Pd-catalyzed Suzuki-Miyaura reactions of phenyl esters. 
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esters, but the conditions described in this work are milder in regard to catalyst loading, 
time, and equivalents of both nucleophile and base.7e 
 
II. Results and Discussions 
Pd-catalyzed non-decarbonylative Suzuki-Miyaura reactions 
Initially, we tested (h3-1-tBu-indenyl)Pd(IPr)(Cl) (IPr = 1,3-bis(2,6-diisopropyl-
phenyl)-1,3-dihydro-2H-imidazol-2-ylidene) as a precatalyst for the coupling of phenyl 
benzoate with phenyl boronic acid under the same conditions used by Newman et al. (3 
mol % [Pd], 90 °C, THF) for (h3-cinnamyl)Pd(IPr)(Cl) and observed a 78% yield of the 
benzophenone. Subsequently, we optimized the conditions for ester coupling using (h3-1-
tBu-indenyl)Pd(IPr)(Cl) as the precatalyst by varying the catalyst loading, solvent, base, 
Entry Deviation from optimized conditions Yield 
1 None 96% 
2 (η3-cinnamyl)Pd(IPr)Cl instead of (η3-1-tBu-indenyl)Pd(IPr)Cl 51% 
3 K3PO4 instead of KOH 51% 
4 K2CO3 instead of KOH 60% 
5 Na2CO3 instead of KOH 42% 
6 SIPr instead of IPr 85% 
7 IMes instead of IPr 11% 
8 IPr*OMe instead of IPr 53% 
9 XPhos instead of IPr 0% 
10 RuPhos instead of IPr 0% 
11 PtBu3 instead of IPr 0% 
12 MeOH instead of H2O 45%a 
	Table 2.01: Screening conditions for Pd-catalyzed Suzuki-Miyaura reaction of phenyl 
benzoate. Conditions: phenyl benzoate (0.2 mmol), phenyl boronic acid (0.3 mmol), base (0.4 mmol), 
and precatalyst (0.001 mmol), THF (0.8 mL), and water (0.2 mL). Conversion was determined by 
comparison of the GC responses of phenyl benzoate starting material and benzophenone product from a 
minimum of two experiments. aMethyl benzoate was observed as a byproduct of the transesterification 







KOH 2 equiv. 
THF/H2O (4:1), rt, 6 h1.5 equiv
Ph
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and equivalents of boronic acid (Table 2.01). Using 1 mol % loading of (h3-1-tBu-
indenyl)Pd(IPr)(Cl), 4:1 mixture of THF/H2O as the solvent, and 2 equivalents of KOH as 
the base, we were able to quantitatively couple phenyl benzoate and phenyl boronic acid 
to benzophenone at room temperature in 6 hours (Entry 1). Under these conditions, 
utilizing (h3-cinnamyl)Pd(IPr)(Cl) as the precatalyst significantly decreased conversion 
(Entry 2). Other bases, such as K2CO3 or K3PO4, were also compatible with the reaction, 
but required longer reaction times (Entry 3-5). We also evaluated other ancillary ligands 
on precatalysts of the form (h3-1-tBu-indenyl)Pd(L)(Cl) (Entries 6-8). Although the best 
results were obtained with IPr, some other NHC ligands, such as SIPr, also resulted in 
conversion to product. In contrast, no product was observed with phosphine ligands 
(Entries 9-11). Using methanol as a co-solvent decreased our yield due to the formation 
of the methyl benzoate transesterification by-product (Entry 12).  
Using the optimized conditions, we expanded the substrate scope to other boronic 
acids (Figure 2.02). We were able to couple a variety of aryl boronic acids with phenyl 
benzoate in good to excellent yield at room temperature (2a-2g). The isolated yield of 
benzophenone (2a) was lower than expected based on the quantitative GC yield (>95%), 
presumably due to loss of product during work-up. The coupling reaction involving the 
formation of 2d was performed on a 1 mmol scale, indicating that the reaction can be 
executed on a synthetically useful scale. The reaction was tolerant of sterically more 
demanding arylboronic acids with substituents in the 2-position of the aryl ring (2e, 2f). 
Although a substrate with an electron-donating substituent on the arylboronic acid was 
coupled in high yield (2b), a slightly lower yield was observed when an electron-
withdrawing group was present on the arylboronic acid (2f). Heteroarylboronic acids, 
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including 2-heteroaryl compounds, which readily undergo protodeborylation, also afforded 
product in good yield (2h-2j).  
 
We also varied the aryl ester substrate in coupling reactions with 4-
methoxyphenylboronic acid (2k-2m). When the aryl ring of the acyl group contained 
electron-deficient or electron-neutral substituents good yields were obtained. However, GC 
analysis indicated that a lower yield was obtained when an electron-rich aryl ester substrate 
Figure 2.02: Isolated yields/GC conversion (in brackets) to products for Pd-catalyzed 
Suzuki-Miyaura reactions of phenyl esters with boronic acids. Conditions for isolated yields: 
aryl ester (0.50 mmol), boronic acid (0.75 mmol), KOH (1.0 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl 
precatalyst (0.005 mmol), THF (2 mL), water (0.5 mL). aPerformed on 1 mmol scale in relation to benzoate. 
Yields are the average of two runs. Conditions for GC conversions: aryl ester (0.20 mmol), boronic acid 
(0.3 mmol), KOH (0.4 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl precatalyst (0.002 mmol), THF (0.8 mL), water 
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such as 4-methoxybenzophenone (2o) was utilized and no attempts were made to isolate 
the product from this reaction. A reduced yield was also observed with phenyl 2-naphthoate 
(2m). By GC the mixed alkyl aryl ketone 4'-methoxyacetophenone (2p) was formed in 
high yield using phenyl acetate as the starting ester, but attempts to isolate this product 
were unsuccessful.	 
Our results demonstrate that (h3-1-tBu-indenyl)Pd(IPr)(Cl) is a much more active 
precatalyst for Suzuki-Miyaura reactions of aryl esters compared to (h3-
cinnamyl)Pd(IPr)(Cl). Furthermore, our conditions require a significantly lower number of 
equivalents of boronic acid (1.5 equiv vs 4.5 equiv) and base (2.0 equiv vs 7.2 equiv), lower 
catalyst loading (1 mol % vs 3 mol %), and shorter reaction times (6 hours versus 15 hours) 
compared to those which were reported by Szostak and co-workers using the same 
precatalyst developed in the Hazari Lab while we were completing this work.7e We propose 
that our use of water as a co-solvent greatly assists the reaction by solubilizing the base 
and boronic acid and increasing the rate of precatalyst activation (vide infra). Our results 
show that if the conditions and precatalyst are optimized, aryl esters can be coupled under 
conditions comparable to those normally used for aryl halides. 
 
Pd-catalyzed non-decarbonylative Buchwald-Hartwig reactions  
Given the exceptional activity of (h3-1-tBu-indenyl)Pd(IPr)(Cl) for Suzuki-Miyaura 
reactions involving aryl esters, we explored systems based on the (h3-1-tBu-
indenyl)Pd(L)(Cl) framework for Buchwald-Hartwig reactions. Using 1 mol % (h3-1-tBu-
indenyl)Pd(SIPr)(Cl) (SIPr = 1,3-bis(2,6-diisopropyl-phenyl)imidazolidin-2-ylidene) as 
the precatalyst we were able to couple phenyl benzoate and aniline in essentially 
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quantitative yield at 40 °C, in 4 hours, using a 4:1 H2O/THF solvent mixture (Table 2.02, 
Entry 1). Under our standard conditions (1 mol % precatalyst, 40 °C, 4:1 H2O/THF, 2 
equiv Cs2CO3), no activity was seen using precatalysts of the type (h3-allyl)Pd(L)(Cl) (L 
= IPr or SIPr) (Entries 2-3), which have previously been used for this reaction with more 
forcing conditions. A number of different bases, including Cs2CO3, K3PO4, K2CO3, and 
Na2CO3, could be used with no significant change in activity (Entries 4-6). Interestingly, 
the reaction was extremely sensitive to the ancillary ligand, and under our optimized 
conditions no activity was observed when SIPr was replaced with other common NHC or 
phosphine ligands (Entries 7-12).  
The substrate scope for the coupling of 4-methoxyaniline with a variety of phenyl esters 
was examined (Figure 2.03). Phenyl benzoates containing both electron rich and electron 
poor substituents on the aryl ring of the acyl group were successfully coupled (3a-3e). In 
Entry Deviation from optimized conditions Yield 
1 None >99% 
2 (η3-cinnamyl)Pd(SIPr)Cl instead of (η3-1-tBu-indenyl)Pd(SIPr)Cl 0% 
3 (η3-allyl)Pd(SIPr)Cl instead of (η3-1-tBu-indenyl)Pd(SIPr)Cl 0% 
4 K3PO4 instead of Cs2CO3 >99% 
5 K2CO3 instead of Cs2CO3 >99% 
6 Na2CO3 instead of Cs2CO3 >99% 
7 IPr instead of SIPr 0% 
8 SIMes instead of SIPr 0% 
9 IPr*OMe instead of SIPr 0% 
10 XPhos instead of SIPr 0% 
11 P(o-tol)3 instead of SIPr 0% 
12 PtBu3 instead SIPr 0% 
	Table 2.02: Screening conditions for Pd-catalyzed Buchwald-Hartwig reaction of 
phenyl benzoate. Conditions: phenyl benzoate (0.2 mmol), phenyl boronic acid (0.24 mmol), base 
(0.3 mmol), and precatalyst (0.001 mmol), THF (0.2 mL), and water (0.8 mL). Conversion was 
determined by comparison of the GC responses of phenyl benzoate starting material and benzophenone 
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some cases, slight modifications to our optimized conditions were required to achieve 
isolated yields of approximately 90%, but there were no clear trends based on the electronic 
properties of the acyl group. Phenyl 2-methylbenzoate (3f), which contains an ortho-
substituent on the aryl ring of the acyl group, and phenyl 2-naphthoate (3g) were also 
coupled in high yield. However, presumably due to the increased steric congestion, no 
product was observed when phenyl 2,6-dimethylbenzoate was used as a substrate. The 
reaction was tolerant to oxygen containing heterocycles on the ester as phenyl furan-2-
carboxylate (3h) was successfully coupled. In contrast, no reaction was observed using 
Figure 2.03: Isolated yields/GC conversion (in brackets) to products for Pd-catalyzed 
Buchwald-Hartwig reactions of phenyl esters with p-methoxyanilines. Conditions for 
isolated yields: phenyl ester (0.50 mmol), aniline (0.6 mmol), Cs2CO3 (0.75 mmol), (η3-1-tBu-
indenyl)Pd(IPr)Cl precatalyst (0.005 mmol), THF (0.5 mL), water (2 mL). aPerformed on 1 mmol scale 
in relation to benzoate. Yields are the average of two runs. Conditions for GC conversions: aryl ester 
(0.20 mmol), boronic acid (0.24 mmol), KOH (0.3 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl precatalyst (0.002 
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phenyl picolinate, likely due to coordination of the nitrogen atom of the pyridine ring to 
the catalyst. The reaction is also compatible with phenyl esters containing alkyl acyl 
groups. Phenyl isobutyrate (3i) and phenyl pivalate (3j) were coupled with yields of 68% 
and 80%, respectively. It is noteworthy that all of the esters used in in this work are 
relatively unactivated, and as shown by Newman et al.,7c will not form amides under basic 
conditions without a catalyst.  
We also explored the substrate scope for the coupling of phenyl benzoate with different 
substituted aniline nucleophiles (Figure 2.04). The reaction was tolerant to anilines with 
electron donating and mildly electron withdrawing substituents (4a-4g, 4h). However, a 
lower yield was observed when electron withdrawing 4-trifluoromethylaniline (4f) was 
Figure 2.04: Isolated yields/GC conversion (in brackets) to products for Pd-catalyzed 
Buchwald-Hartwig reactions of phenyl benzoate with anilines. Conditions for isolated yields: 
phenyl benzoate (0.50 mmol), aniline (0.6 mmol), Cs2CO3 (0.75 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl 
precatalyst (0.005 mmol), THF (0.5 mL), water (2 mL). Conditions for GC conversions: aryl ester (0.20 
mmol), boronic acid (0.24 mmol), KOH (0.3 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl precatalyst (0.002 








































































used as a substrate. The steric properties of the aniline affected the reaction, and 
significantly reduced yields were observed with 2,6-dimethylaniline (4d). Both 1- and 2-
naphthylamine (4i, 4j) were coupled in high yield, but the reaction was not very tolerant to 
anilines with heteroatoms. For example, 2-aminopyridine (4k) was coupled, but more 
forcing conditions were required, and the yield was lowered significantly. Additionally, no 
product was observed when 4-aminopyridine was used as the nucleophile. Overall, our 
conditions represent a substantial improvement over those previously described in the 
literature in terms of catalyst loading (1 mol % vs 3 mol %), temperature (40 °C vs 110 °C), 
and time (4 hours vs 16 hours).7c They show that Buchwald-Hartwig reactions of aryl esters 
can be performed at temperatures only slightly above room temperature, which presents 
the opportunity to increase the synthetic applications of this reaction.  
 
Activation experiments   
 It has previously been proposed that elevated temperatures are required for cross-
coupling reactions involving aryl esters because the oxidative addition of the C(acyl)-O 
bond to the metal is challenging. Prior ester cross-coupling through C(acyl)-O bond 
cleavage required “activated esters” driven by stabilized leaving group or chelation. DFT 
studies carried out by Newman et al. calculated that the barrier to oxidative addition of the 
C(acyl)-O bond from an (IPr)Pd0 coordinated to a phenyl benzoate through a three-centered 
transition state is 23.3 kcal/mol.7b Given that the active species in our system, monoligated 
(IPr)Pd0, is likely the same as in the Newman system, our results suggested that the 
elementary steps in the catalytic cycle are unlikely to have been the reason for the harsh 
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conditions. Rather, we hypothesized that precatalyst activation, from PdII to active Pd0 
catalyst, may have been the problem (Figure 2.05).  
 To probe the rate of precatalyst activation for the Suzuki-Miyuara reaction, we 
compared the reduction of (η3-1-tBu-indenyl)Pd(IPr)(Cl) and (η3-cinnamyl)Pd(IPr)(Cl) to 
Pd0 with 10 equiv. KOH (the base in catalysis) in a 4:1 THF/H2O mixture (our optimized 


































Figure 2.06: Activation of allyl-type precatalysts in the presence of dvds under reaction 























Figure 2.05: Proposed mechanism for Pd-catalyzed cross-coupling reactions of phenyl 
esters including activation to NHCPd0 active catalyst. 
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(10 equiv.) was used as a Pd0 trap and 1,2,3-trimethoxybenzene was used as an internal 
standard. After 2 h at room temperature, all of the (η3-1-tBu-indenyl)Pd(IPr)(Cl) was 
reduced to Pd0  compared to only 35% (η3-cinnamyl)Pd(IPr)(Cl), with the rest of the Pd 
still in the form of the starting precatalyst (Figure 2.06). This is consistent with our 
hypothesis that (η3-1-tBu-indenyl)Pd(IPr)(Cl) is a more efficient precatalyst because it 
activates rapidly, and that the Suzuki-Miyaura reaction utilizing (η3-1-tBu-
indenyl)Pd(IPr)(Cl) precatalyst outperformed the reaction with (η3-cinnamyl)Pd(IPr)(Cl). 
Previous work in the group described how protic solvents can play a large role in the 
activation of precatalysts of the type (η3-1-tBu-indenyl)Pd(L)(Cl). Consistently, when THF 
was used as the sole solvent we observed slower activation of (η3-1-tBu-
indenyl)Pd(IPr)(Cl) (Figure 2.06).  
 To probe the rate of precatalyst activation for the Buchwald-Hartwig reaction, we 
compared the reduction of (η3-1-tBu-indenyl)Pd(SIPr)(Cl), (η3-allyl)Pd(SIPr)(Cl), and (η3-
allyl)Pd(IPr)(Cl)  to Pd0 with Cs2CO3 (the base in catalysis) in a 1:4 THF/H2O mixture (our 
optimized solvent mixture) in the presence of dvds and 2,6-dimethoxytoluene as an internal 
standard. After 4 hours at 40 °C, all of the (η3-1-tBu-indenyl)Pd(SIPr)(Cl) was reduced to 
Pd0  compared to only 11% and 17% for (η3-allyl)Pd(SIPr)(Cl) and (η3-allyl)Pd(IPr)(Cl), 
respectively (Figure 2.07). This again was consistent with our observed catalytic results 
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were the (η3-allyl)Pd(L)(Cl) precatalysts resulted in no product under our optimized 
conditions.  
 
Preliminary work on Pd-catalyzed decarbonylative Suzuki-Miyaura reaction of phenyl 2-
azinecarboxylate 
 After showing that (η3-1-tBu-indenyl)Pd(IPr)(Cl) could successfully couple phenyl 
esters with aryl boronic acids to generate ketone products, we wanted to examine the same 
precatalyst scaffold with dcype, the ligand used by Yamagushi,9c to generate 
decarbonylative products. Using (η3-1-tBu-indenyl)Pd(dcype)(Cl) as the precatalyst under 
Yamagushi’s conditions,9c toluene as the solvent and 2 equivalents of Na2CO3 as the base, 
we were able to couple phenyl 2-azinecarboxylate and (4-methoxy)phenyl boronic acid to 
give 99% 2-(4-methoxyphenyl)-pyridine and 1% (4-methoxyphenyl)-2-pyridinyl-
methanone at 130 °C after 16 hours under a flow of dinitrogen (Table 2.03, Entry 1). 
When 7 mol% of excess dcype was added, the reaction slowed down, giving 75% 2-(4-
methoxyphenyl)-pyridine after 16 hours, and was somewhat cleaner, showing no trace of 
































Figure 2.07: Activation of allyl-type precatalysts in the presence of dvds under reaction 




 In conclusion, we have demonstrated that, because the (η3-1-tBu-
indenyl)Pd(NHC)(Cl) precatalysts activate rapidly, they can be used for Suzuki−Miyaura 
and Buchwald−Hartwig couplings involving aryl ester substrates without the need for 
forcing conditions. This indicates that the barriers for the elementary steps in catalysis do 
not require elevated temperatures. In fact, cross-coupling reactions involving aryl ester 
electrophiles may actually be as facile as those involving aryl halides, implicating that fast 
activating precatalyst systems may be used to improve other reactions where precatalyst 
activation is the limiting factor in catalysis, which may be a more common problem than 
is currently realized. 
 
IV. Experimental Details 
General methods 
Experiments were performed under a dinitrogen atmosphere in an M-Braun dry box 
or using standard Schlenk techniques unless otherwise stated. Under standard glovebox 
Entry dcype x mol% GC conv. to biaryl  GC conv to ketone 
1 0 99% 1% 







Na2CO3 2 equiv. 
Toluene, 130 °C, 16 h





Table 2.03: Pd-catalyzed decarbonylative Suzuki-Miyuara reaction of phenyl 2-
azinecarboxylate. Conditions: phenyl 2-azinecarboxylate (0.1 mmol), (4-methoxy)phenyl boronic 
acid (0.15 mmol), Na2O3 (0.2 mmol), and (η3-1-tBu-indenyl)Pd(dcype)(Cl) (0.005 mmol), dcype (0.007 
mmol), and toluene (1 mL). Conversion was determined by comparison of the GC responses of phenyl 
2-azinecarboxylate starting material, and biaryl and ketone products. a25% starting material remaining.  
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conditions purging was not performed between uses of diethyl ether, pentane, benzene, 
toluene and THF; thus when any of these solvents were used, traces of all these solvents 
were in the atmosphere and could be found intermixed in the solvent bottles. Moisture- and 
air-sensitive liquids were transferred by stainless steel cannula on a Schlenk line or in a dry 
box. NMR spectra were recorded on Agilent- 400, 500 and 600 spectrometers at ambient 
probe temperatures unless noted. Chemical shifts are reported with respect to residual 
internal protio solvent for 1H and 13C NMR spectra. Gas chromatography (GC) analyses 
were performed on a Shimadzu GC-2010 Plus apparatus equipped with a flame ionization 
detector and a Shimadzu SHRXI-5MS column (30 m, 250 µm inner diameter, film: 0.25 
µm). The following conditions were utilized for GC analyses: flow rate 1.23 mL/min 
constant flow, column temperature 50 °C (held for 5 min), 20 °C/min increase to 300 °C 
(held for 5 min), total time 22.5 min. THF was dried by passage through a column of 
activated alumina followed by storage under dinitrogen. H2O was degassed by sparging 
with dinitrogen for 1 hour and stored under dinitrogen. All commercial chemicals were 
used as received except where noted. Ethyl acetate and hexanes (Fisher Scientific) were 
used as received. SIPr, IPr*OMe, IMes, and SIMes were purchased from Strem Chemicals. 
SIPr was stored in a -35 °C fridge in dinitrogen-filled glovebox. IPr was either synthesized 
according to a literature procedure,12 or purchased from Strem Chemicals. XPhos, RuPhos, 
and PtBu3 were purchased from Sigma-Aldrich and stored in a dinitrogen-filled glovebox; 
P(o-tolyl)3 was purchased from Strem Chemicals and stored in a dinitrogen-filled 
glovebox. Esters were all prepared from acyl chlorides or carboxylic acids using literature 
procedures.7b Palladium precatalysts were synthesized by methods previously reported.13  
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Screening conditions for non-decarbonylative Pd-catalyzed Suzuki-Miyaura reactions 
(Table 2.01) 
Initially, (η3-1-tBu-indenyl)Pd(IPr)(Cl) was screened for catalysis using the 
conditions described by Newman and co-workers:7b phenyl benzoate (39.6 mg, 0.2 mmol), 
4-methoxyphenyl boronic acid (51.7 mg, 0.34 mmol), K3PO4 (63.7 mg, 0.3 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (4.7 mg, 0.003 mmol) were added to a 1 dram vial equipped 
with a stir bar. THF (1 mL) and H2O (9 µL, 0.5 mmol) were added in a glovebox. The vial 
was stirred at 90 °C for 30 minutes. At this time, the vial was opened to air, extracted with 
ethyl acetate, and filtered through a silica plug. Comparison of the GC responses of phenyl 
benzoate starting material and benzophenone product indicated 78% conversion. 
Subsequently, after screening of catalyst loading, solvent, base, and equivalents of 
boronic acid, optimized conditions were found as summarized: phenyl benzoate (39.6 mg, 
0.2 mmol), phenyl boronic acid (36.6 mg, 0.3 mmol), KOH (22.4 mg, 0.4 mmol), and (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.001 mmol) were added to a 1 dram vial equipped 
with a stir bar. THF (0.8 mL) and H2O (0.2 mL) were added in a glovebox. The vial was 
stirred at room temperature for 6 hours. At this time, the vial was opened to air, extracted 
with ethyl acetate, and filtered through a silica plug. Conversion was determined by 
comparison of the GC responses of phenyl benzoate starting material and benzophenone 
product from a minimum of two experiments.  
 
Conditions for decarbonylative Pd-catalyzed Suzuki-Miyaura reactions (Table 2.03) 
Phenyl 2-azinecarboxylate (19.9 mg, 0.1 mmol), (4-methoxy)phenyl boronic acid 
(22.8 mg, 0.15 mmol), Na2CO3 (21.2 mg, 0.2 mmol), and (η3-1-tBu-indenyl)Pd(dcype)(Cl) 
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(3.7 mg, 0.005 mmol) with or without excess dcype (3.0 mg, 0.007 mmol) were added to 
a 10 mL Schlenk tube with a stir bar and evacuated and refilled with N2 3X. Dry toluene 
(1 mL) was syringed in under an atmosphere of N2. The Schlenk tube was equiped with a 
condensation column and a bubbler. The reaction was stirred at 130 °C for 16 hours. At 
this time, the Schlenk tube was opened to air and filtered through a silica plug with ethyl 
acetate. Conversion was determined by comparison of the GC responses of Phenyl 2-
azinecarboxylate starting material and 2-(4-methoxyphenyl)-pyridine and (4-
methoxyphenyl)-2-pyridinyl-methanone products.  
 
Substrate scope for non-decarbonylative Pd-catalyzed Suzuki-Miyaura reactions (Figure 
2.02) 
The following general procedure was used to determine the substrate scope unless 
otherwise stated: electrophile (0.5 mmol), boronic acid (0.75 mmol), KOH (1.0 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 mmol) were added to a 4 dram vial equipped 
with a magnetic stir bar. THF (2 mL) and H2O (0.5 mL) were added in a glovebox. The 
vial was stirred at room temperature for 6 hours. At this time, the vial was opened to air 
and the crude mixture was concentrated under vacuum, dissolved in toluene (1 mL), and 
3M KOHaq (3 mL) was added and stirred for 1 hour at room temperature. The organic layer 
was extracted with ethyl acetate (3 x 5 mL), washed with brine, dried (MgSO4), and 





Benzophenone (2a). Following the general procedure above, a mixture of phenyl 
benzoate (99.1 mg, 0.5 mmol), phenylboronic acid (91.4 mg, 0.75 mmol), KOH (56.1 mg, 
1.00 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 mmol) in THF (2.0 mL) and 
H2O (0.5 mL) were stirred at room temperature for 6 hours. Purification was performed 
using silica column chromatography by using a gradient of 100% hexanes to 1% 
EtOAc/99% hexanes. The average of two runs provided a yield of 51% (46.5 mg). 1H and 
13C NMR data were consistent with that published in the literature.7b 
 
4-methoxyphenyl(phenyl)methanone (2b). Following the general procedure above, 
a mixture of phenyl benzoate (99.1 mg, 0.5 mmol), phenylboronic acid (91.4 mg, 0.75 
mmol), KOH (56.1 mg, 1.00 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 
mmol) in THF (2.0 mL) and H2O (0.5 mL) were stirred at room temperature for 6 hours. 
No column purification was needed. The average of two runs provided a yield of 86% (91.2 
mg). 1H and 13C NMR data were consistent with that published in the literature.14 
 
Naphthalen-1-yl(phenyl)methanone (2c). Following the general procedure above, a 
mixture of phenyl benzoate (99.1 mg, 0.5 mmol), naphthalen-1-ylboronic acid (129.0 mg, 






mmol) in THF (2.0 mL) and H2O (0.5 mL) were stirred at room temperature for 6 hours. 
At this time, 0.1 M KOHaq (2 mL) was added and the mixture was stirred at 60 °C for 2 
hours. Purification was performed using silica column chromatography by using a gradient 
of 100% hexanes to 1% EtOAc/99% hexanes. The average of two runs provided a yield of 
91% (105.7 mg). 1H and 13C NMR data were consistent with that published in the 
literature.15 
 
Naphthalen-2-yl(phenyl)methanone (2d). Following the general procedure above, 
a mixture of phenyl benzoate (198.2 mg, 1.00 mmol), naphthalen-2-ylboronic acid (258.0 
mg, 1.50 mmol), KOH (112.2 mg, 2.00 mmol), and η3-1-tBu-indenyl)Pd(IPr)(Cl) (7.0 mg, 
0.01 mmol) in THF (4.0 mL) and H2O (1.0 mL) were stirred at room temperature for 6 
hours. Purification was performed using silica column chromatography by using a gradient 
of 100% hexanes to 1% EtOAc/99% hexanes. The average of two runs provided a yield of 
65% (152.0 mg). 1H and 13C NMR data were consistent with that published in the 
literature.16 
 
(2-methoxyphenyl)(phenyl)methanone (2e). Following the general procedure 
above, a mixture of phenyl benzoate (99.1 mg, 0.5 mmol), 2-methoxyphenylboronic acid 
(159.2 mg, 0.75 mmol), KOH (56.1 mg, 1.00 mmol), and η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 
mg, 0.005 mmol) in THF (2.0 mL) and H2O (0.5 mL) were stirred at room temperature for 




for 2 hours. Purification was performed using silica column chromatography by using a 
gradient of 100% hexanes to 1% EtOAc/99% hexanes. The average of two runs provided 
a yield of 88% (93.4 mg). 1H and 13C NMR data were consistent with that published in the 
literature.7b 
 
Phenyl(o-tolyl)methanone (2f). Following the general procedure above, a mixture 
of phenyl benzoate (99.1 mg, 0.5 mmol), o-tolylboronic acid (102.0 mg, 0.75 mmol), KOH 
(56.1 mg, 1.00 mmol), and η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 mmol) in THF (2.0 
mL) and H2O (0.5 mL) were stirred at room temperature for 6 hours. No column 
purification was needed. The average of two runs provided a yield of 86% (84.4 mg). 1H 
and 13C NMR data were consistent with that published in the literature.7b 
 
Phenyl(4-(trifluoromethyl)phenyl)methanone (2g). Following the general 
procedure above, a mixture of phenyl benzoate (99.1 mg, 0.5 mmol), (4-
(trifluoromethyl)phenyl)boronic acid (142.4 mg, 0.75 mmol), KOH (56.1 mg, 1.00 mmol), 
and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 mmol) in THF (2.0 mL) and H2O (0.5 
mL) were stirred at room temperature for 6 hours. The crude mixture was concentrated 
under vacuum, dissolved in toluene (1 mL) and 3 mL of 3M KOHaq was added to the 
reaction mixture and stirred for 1 hour at room temperature. The residue was concentrated 





Purification was performed using silica column chromatography by using a gradient of 
100% hexanes to 5% EtOAc/95% hexanes. The average of two runs provided a yield of 
67% (83.8 mg). 1H and 13C NMR data were consistent with that published in the literature.7b 
 
Furan-2-yl(phenyl)methanone (2h). Following the general procedure above, a 
mixture of phenyl benzoate (99.1 mg, 0.5 mmol), furan-2-ylboronic acid (83.9 mg, 0.75 
mmol), KOH (56.1 mg, 1.00 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 
mmol) in THF (2.0 mL) and H2O (0.5 mL) were stirred at room temperature for 6 hours. 
At this time, the vial was opened to air and the organic layer was extracted with ethyl 
acetate (3 x 5 mL), washed with brine, dried (MgSO4), and concentrated. The crude mixture 
was dissolved in 1 mL of CH2Cl2, and 2 mL of KOHaq (3M) was added and stirred for 1 
hour at room temperature. The organic layer was extracted with CH2Cl2 (3 x 5 mL), washed 
with brine, dried (MgSO4), and concentrated. No further purification was needed. The 
average of two runs provided a yield of 83% (71 mg). 1H and 13C NMR data were consistent 
with that published in the literature.17 
 
Furan-3-yl(phenyl)methanone (2i). Following the general procedure above, a 
mixture of phenyl benzoate (99.1 mg, 0.5 mmol), furan-3-ylboronic acid (83.9 mg, 0.75 
mmol), KOH (56.1 mg, 1.00 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 
mmol) in THF (2.0 mL) and H2O (0.5 mL) were stirred at room temperature for 6 hours. 






100% hexanes to 5% EtOAc/95% hexanes. The average of two runs provided a yield of 
74% (63.7 mg). 1H and 13C NMR data were consistent with that published in the literature.7b 
 
Phenyl(thiophen-2-yl)methanone (2j). Following the general procedure above, a 
mixture of phenyl benzoate (99.1 mg, 0.5 mmol), thiophen-2-ylboronic acid (83.9 mg, 0.75 
mmol), KOH (56.1 mg, 1.00 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 
mmol) in THF (2.0 mL) and H2O (0.5 mL) were stirred at 50 °C for 6 hours. At this time, 
the vial was opened to air and the organic layer was extracted with ethyl acetate (3 x 5 mL), 
washed with brine, dried (MgSO4), and concentrated. The crude mixture was dissolved in 
1 mL of CH2Cl2, and 2 mL of KOHaq (3M) was added and stirred for 1 hour at room 
temperature. The organic layer was extracted with CH2Cl2 (3 x 5 mL), washed with brine, 
dried (MgSO4), and concentrated. No further purification was needed. The average of two 
runs provided a yield of 81% (76 mg). 1H and 13C NMR data were consistent with that 
published in the literature.18 
 
(4-methoxyphenyl)(p-tolyl)methanone (2k). Following the general procedure 
above, a mixture of phenyl(4-methyl)benzoate (106.1 mg, 0.5 mmol), (4-
methoxyphenyl)boronic acid (114.0 mg, 0.75 mmol), KOH (56.1 mg, 1.00 mmol), and (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 mmol) in THF (2.0 mL) and H2O (0.5 mL) were 
stirred at room temperature for 6 hours. Purification was performed using silica column 






average of two runs provided a yield of 72.1% (64% mg). 1H and 13C NMR data were 
consistent with that published in the literature.19 
 
(4-methoxyphenyl)(4-trifluoromethylphenyl)methanone (2l). Following the general 
procedure above, a mixture of phenyl(4-trifluoromethyl)benzoate (133.1 mg, 0.5 mmol), 
(4-methoxyphenyl)boronic acid (114.0 mg, 0.75 mmol), KOH (56.1 mg, 1.00 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 mmol) in THF (2.0 mL) and H2O (0.5 mL) 
were stirred at room temperature for 6 hours. Purification was performed using silica 
column chromatography by using a gradient of 100% hexanes to 10% EtOAc/90% 
hexanes. The average of two runs provided a yield of 64% (89.3 mg). 1H and 13C NMR 
data were consistent with that published in the literature.20 
 
(4-methoxyphenyl)(4-methoxycarbonylphenyl)methanone (2m). Following the 
general procedure above, a mixture of phenyl(4-methoxycarbonyl)benzoate (90.0 mg, 0.5 
mmol), (4-methoxyphenyl)boronic acid (114.0 mg, 0.75 mmol), KOH (56.1 mg, 1.00 
mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 mmol) in THF (2.0 mL) and H2O 
(0.5 mL) were stirred at room temperature for 6 hours. Purification was performed using 
silica column chromatography by using a gradient of 100% hexanes to 5% EtOAc/95% 
hexanes. The average of two runs provided a yield of 32 % (45.6 mg). 1H and 13C NMR 








 (4-methoxyphenyl)(naphthalene-2-yl)methanone (2n). Following the general 
procedure above, a mixture of phenyl(2-naphthoate) (124.1 mg, 0.5 mmol), (4-
methoxyphenyl)boronic acid (114.0 mg, 0.75 mmol), KOH (56.1 mg, 1.00 mmol), and (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (3.5 mg, 0.005 mmol) in THF (2.0 mL) and H2O (0.5 mL) were 
stirred at room temperature for 6 hours. Purification was performed using silica column 
chromatography by using a gradient of 100% hexanes to 1% EtOAc/99% hexanes. Organic 
solvents were evaporated under reduced pressure and the residue was dissolved in 1 mL of 
CH2Cl2, and 2 mL of KOHaq (3M) was added and stirred for 1 hour at room temperature. 
The organic layer was extracted with CH2Cl2 (3 x 5 mL), washed with brine, dried 
(MgSO4), and concentrated. The average of two runs provided a yield of 50 % (65 mg). 1H 
and 13C NMR data were consistent with that published in the literature.22 
 
bis(4-methoxyphenyl) methanone (2o). Following the general procedure above, a 
mixture of phenyl(4-methoxy)benzoate (45.6 mg, 0.3 mmol), (4-methoxyphenyl)boronic 
acid (36.5 mg, 0.24 mmol), KOH (22.4 mg, 0.3 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) 
(1.4 mg, 0.001 mmol) in THF (0.8 mL) and H2O (0.2 mL) were stirred at room temperature 
for 6 hours. Comparison of the GC responses of phenyl(4-methoxy)benzoate starting 
material and bis(4-methoxyphenyl) methanone product indicated 60% conversion. 







1-(4-methoxyphenyl)ethan-1-one (2p). Following the general procedure above, a 
mixture of phenyl acetate (27.2 mg, 0.2 mmol), (4-methoxyphenyl)boronic acid (45.6 mg, 
0.3 mmol), K2CO3 (55.3 mg, 0.4 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.001 
mmol) in THF (0.8 mL) and H2O (0.2 mL) were stirred at room temperature for 6 hours. 
Comparison of the GC responses of phenyl(4-methoxy)benzoate starting material and 
bis(4-methoxyphenyl) methanone product indicated > 99% conversion. Successful 
isolation of this product was not achieved.  
 
Screening conditions for Pd-catalyzed Buchwald-Hartwig reactions (Table 2.02) 
Phenyl benzoate (39.6 mg, 0.2 mmol), aniline (22 µL, 0.24 mmol), base (0.3 mmol), 
and (η3-1-tBu-indenyl)Pd(L)(Cl) (0.002 mmol) were added to a 1 dram vial equipped with 
a stir bar. THF (0.2 mL) and H2O (0.8 mL) were added in a glovebox. The vial was stirred 
at 40 °C for 4 hours. At this time, the vial was opened to air, extracted with ethyl acetate, 
and filtered through a silica plug. Conversion was determined by comparison of the GC 
responses of phenyl benzoate starting material and benzanilide product.  
 
Substrate scope for Pd-catalyzed Buchwald-Hartwig reactions (Figures 2.03 and 2.04)  
The following general procedure was used to determine the substrate scope unless 
otherwise stated: electrophile (0.5 mmol), amine (0.6 mmol), Cs2CO3 (244.4 mg, 0.75 
mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) were added to a 2 dram 




glovebox. The vial was stirred at 40 °C for 4 hours. After this time, the vial was opened to 
air and the aqueous layer was extracted with EtOAC (5 x 4 mL) and concentrated under 
vacuum. The resulting solid was dissolved in toluene (2-4 mL) and stirred at room 
temperature with 1 N HClaq (4 mL) for 30 minutes. The aqueous layer was extracted with 
EtOAc (5 x 4 mL). The combined organic layer was washed with NaHCO3(aq) and 
concentrated. Purification was performed using silica column chromatography. 
 
N-(4-methoxyphenyl)benzamide (3a, 4h). Following the general procedure above, 
a mixture of phenyl benzoate (99.1 mg, 0.5 mmol), 4-methoxyaniline (73.9 mg, 0.6 mmol), 
Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) 
in THF (0.5 mL) and H2O (2 mL) were stirred at 40 °C for 4 hours. Purification was 
performed using silica column chromatography by using a gradient of 100% hexanes to 
20% EtOAc/80% hexanes. The average of two runs provided a yield of 95% (107.6 mg). 
1H and 13C NMR data were consistent with that published in the literature.23 
N-(4-methoxyphenyl)benzamide (3a, 4h) was also isolated on a 1 mmol scale of 
phenyl benzoate. Following the general procedure above, a mixture of phenyl benzoate 
(198.2 mg, 1.0 mmol), 4-methoxyaniline (147.8 mg, 1.2 mmol), Cs2CO3 (488.8 mg, 1.5 
mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (7.0 mg, 0.01 mmol) in THF (1 mL) and H2O 
(4 mL) were stirred at 40 °C for 4 hours. Purification was performed using silica column 
chromatography by using a gradient of 100% hexanes to 20% EtOAc/80% hexanes. The 
average of two runs provided a yield of 91% (206.0 mg). 1H and 13C NMR data were 







N-(4-methoxyphenyl)-4-methoxybenzamide (3b). Following the general procedure 
above, a mixture of phenyl 4-methoxy benzoate (114.1 mg, 0.5 mmol), 4-methoxyaniline 
(73.9 mg, 0.6 mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) 
(3.5 mg, 0.005 mmol) in THF (0.5 mL) and H2O (2 mL) were stirred at 40 °C for 8 hours. 
Purification was performed by filtering with minimal EtOAc and collecting the solid. The 
average of two runs provided a yield of 95% (122.4 mg). 1H and 13C NMR data were 
consistent with that published in the literature.24  
 
N-(4-methoxyphenyl)-4-methylbenzamide (3c). Following the general procedure 
above, a mixture of phenyl 4-methyl benzoate (106.1 mg, 0.5 mmol), 4-methoxyaniline 
(73.9 mg, 0.6 mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) 
(3.5 mg, 0.005 mmol) in THF (0.5 mL) and H2O (2 mL) were stirred at 40 °C for 4 hours. 
Purification was performed using silica column chromatography by using a gradient of 
100% hexanes to 20% EtOAc/80% hexanes. The average of two runs provided a yield of 


















N-(4-methoxyphenyl)-4-fluorobenzamide (3d). Following the general procedure 
above, a mixture of phenyl 4-fluorobenzoate (108.1 mg, 0.5 mmol), 4-methoxyaniline 
(73.9 mg, 0.6 mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) 
(3.5 mg, 0.005 mmol) in THF (0.5 mL) and H2O (2 mL) were stirred at 60 °C for 4 hours. 
Purification was performed using silica column chromatography by using a gradient of 
100% hexanes to 20% EtOAc/80% hexanes. The average of two runs provided a yield of 
89% (109.0 mg). 1H and 13C NMR data were consistent with that published in the 
literature.26 
 
N-(4-methoxyphenyl)-4-trifluoromethylbenzamide (3e). Following the general 
procedure above, a mixture of phenyl 4-trifluoromethyl benzoate (114.1 mg, 0.5 mmol), 4-
methoxyaniline (73.9 mg, 0.6 mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-
indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) in THF (0.5 mL) and H2O (2 mL) were stirred 
at 40 °C for 4 hours. Purification was performed using silica column chromatography by 
using a gradient of 100% hexanes to 50% EtOAc/50% hexanes. The average of two runs 
provided a yield of 91% (133.9 mg). 1H and 13C NMR data were consistent with that 
published in the literature.27 
 
N-(4-methoxyphenyl)-2-methylbenzamide (3f). Following the general procedure 











mg, 0.6 mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 
mg, 0.005 mmol) in THF (0.5 mL) and H2O (2 mL) were stirred at 40 °C for 8 hours. 
Purification was performed using silica column chromatography by using a gradient of 
100% hexanes to 20% EtOAc/80% hexanes. The average of two runs provided a yield of 
89% (107.8 mg). 1H and 13C NMR data were consistent with that published in the 
literature.28 
 
N-(4-methoxyphenyl)-2-naphthylamide (3g). Following the general procedure 
above, a mixture of phenyl 2-naphthoate (124.1 mg, 0.5 mmol), 4-methoxyaniline (73.9 
mg, 0.6 mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 
mg, 0.005 mmol) in THF (0.5 mL) and H2O (2 mL) were stirred at 60 °C for 4 hours. 
Purification was performed using silica column chromatography by using a gradient of 
100% hexanes to 30% EtOAc/70% hexanes. The average of two runs provided a yield of 
84% (116.2 mg). 1H and 13C NMR data were consistent with that published in the 
literature.29 
 
N-(4-methoxyphenyl)-2-furylamide (3h). Following the general procedure above, a 
mixture of phenyl furan 2-carboxylate (94.1 mg, 0.5 mmol), 4-methoxyaniline (73.9 mg, 
0.6 mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 











Purification was performed using silica column chromatography by using a gradient of 
100% hexanes to 30% EtOAc/70% hexanes. The average of two runs provided a yield of 
87% (94.6 mg). 1H and 13C NMR data were consistent with that published in the literature.30 
 
N-(4-methoxyphenyl)-isobutyramide (3i). Following the general procedure above, 
a mixture of phenyl isobutyrate (82.0 mg, 0.5 mmol), 4-methoxyaniline (73.9 mg, 0.6 
mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 
mmol) in THF (0.5 mL) and H2O (2 mL) were stirred at 40 °C for 8 hours. Purification was 
performed using silica column chromatography by using a gradient of 100% hexanes to 
20% EtOAc/80% hexanes. The average of two runs provided a yield of 68% (65.6 mg). 1H 
and 13C NMR data were consistent with that published in the literature.31  
 
N-(4-methoxyphenyl)-tertbutyramide (3j). Following the general procedure above, 
a mixture of phenyl tertbutyrate (89.1 mg, 0.5 mmol), 4-methoxyaniline (73.9 mg, 0.6 
mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 
mmol) in THF (0.5 mL) and H2O (2 mL) were stirred at 40 °C for 8 hours. Purification was 
performed using silica column chromatography by using a gradient of 100% hexanes to 
20% EtOAc/80% hexanes. The average of two runs provided a yield of 80% (82.5 mg). 1H 











N-phenylbenzamide (4a). Following the general procedure above, a mixture of 
phenyl benzoate (99.1 mg, 0.5 mmol), aniline (55.9 mg, 0.6 mmol), Cs2CO3 (244.4 mg, 
0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) in THF (0.5 mL) 
and H2O (2 mL) were stirred at 40 °C for 4 hours. Purification was performed using silica 
column chromatography by using a gradient of 100% hexanes to 20% EtOAc/80% 
hexanes. The average of two runs provided a yield of 90% (88.7 mg). 1H and 13C NMR 
data were consistent with that published in the literature.23 
 
N-(4-methylphenyl)benzamide (4b). Following the general procedure above, a 
mixture of phenyl benzoate (99.1 mg, 0.5 mmol), 4-toluidine (64.3 mg, 0.6 mmol), Cs2CO3 
(244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) in THF 
(0.5 mL) and H2O (2 mL) were stirred at 40 °C for 4 hours. Purification was performed 
using silica column chromatography by using a gradient of 100% hexanes to 50% 
EtOAc/50% hexanes. The average of two runs provided a yield of 92% (96.8 mg). 1H and 
13C NMR data were consistent with that published in the literature.23  
 
N-(2-methylphenyl)benzamide (4c). Following the general procedure above, a 











(244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) in THF 
(0.5 mL) and H2O (2 mL) were stirred at 40 °C for 4 hours. Purification was performed 
using silica column chromatography by using a gradient of 100% hexanes to 50% 
EtOAc/50% hexanes. The average of two runs provided a yield of 96% (101.2 mg). 1H and 
13C NMR data were consistent with that published in the literature.23 
 
N-(2,6-dimethylphenyl)benzamide (4d). Following the general procedure above, a 
mixture of phenyl benzoate (99.1 mg, 0.5 mmol), 2,6-dimethylaniline (72.7 mg, 0.6 mmol), 
Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) 
in THF (0.5 mL) and H2O (2 mL) were stirred at 40 °C for 8 hours. Purification was 
performed using silica column chromatography by using a gradient of 100% hexanes to 
30% EtOAc/70% hexanes. The average of two runs provided a yield of 56% (63.5 mg). 1H 
and 13C NMR data were consistent with that published in the literature.33  
 
N-(4-fluorophenyl)benzamide (4e). Following the general procedure above, a 
mixture of phenyl benzoate (99.1 mg, 0.5 mmol), 4-fluoroaniline (66.7 mg, 0.6 mmol), 
Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) 
in THF (0.5 mL) and H2O (2 mL) were stirred at 40 °C for 4 hours. Purification was 









50% EtOAc/50% hexanes. The average of two runs provided a yield of 95% (102.1 mg). 
1H and 13C NMR data were consistent with that published in the literature.23  
 
N-(4-trifluoromethylphenyl)benzamide (4f). Following the general procedure 
above, a mixture of phenyl benzoate (99.1 mg, 0.5 mmol), 4-trifluoromethylaniline (96.7 
mg, 0.6 mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 
mg, 0.005 mmol) in THF (0.5 mL) and H2O (2 mL) were stirred at 60 °C for 8 hours. After 
this time, the vial was opened to air and the aqueous layer was extracted with EtOAC (5 x 
4 mL) and concentrated under vacuum. The resulting solid was dissolved in toluene (2 mL) 
and stirred at room temperature with 1 N HClaq (4 mL) for 2 hours. The aqueous layer was 
extracted with EtOAc (5 x 4 mL). The combined organic layer was washed with 
NaHCO3(aq) and concentrated. Purification was performed using silica column 
chromatography by using a gradient of 100% hexanes to 50% EtOAc/50% hexanes. The 
average of two runs provided a yield of 70% (92.2 mg). 1H and 13C NMR data were 
consistent with that published in the literature.34 
 
N-(4-methoxycarbonylphenyl)benzamide (4g). Following the general procedure 
above, a mixture of phenyl benzoate (99.1 mg, 0.5 mmol), 4-methoxycarbonylaniline (75.6 
mg, 0.6 mmol), Cs2CO3 (244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 











Purification was performed using silica column chromatography by using a gradient of 
100% hexanes to 50% EtOAc/50% hexanes. The average of two runs provided a yield of 
93% (118.6 mg). 1H and 13C NMR data were consistent with that published in the 
literature.35 
 
N-(1-naphthyl)benzamide (4i). Following the general procedure above, a mixture 
of phenyl benzoate (99.1 mg, 0.5 mmol), 1-naphthylamine (85.9 mg, 0.6 mmol), Cs2CO3 
(244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) in THF 
(0.5 mL) and H2O (2 mL) were stirred at 40 °C for 4 hours. Purification was performed 
using silica column chromatography by using a gradient of 100% hexanes to 50% 
EtOAc/50% hexanes. The average of two runs provided a yield of 87% (107.6 mg). 1H and 
13C NMR data were consistent with that published in the literature.33 
 
N-(2-naphthyl)benzamide (4j). Following the general procedure above, a mixture 
of phenyl benzoate (99.1 mg, 0.5 mmol), 2-naphthylamine (85.9 mg, 0.6 mmol), Cs2CO3 
(244.4 mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) in THF 
(0.5 mL) and H2O (2 mL) were stirred at 40 °C for 4 hours. Purification was performed 
using silica column chromatography by using a gradient of 100% hexanes to 50% 
EtOAc/50% hexanes. The average of two runs provided a yield of 82% (101.4 mg). 1H and 









N-(2-pyridyl)benzamide (4k). Following the general procedure above, a mixture of 
phenyl benzoate (99.1 mg, 0.5 mmol), 2-pyridylamine (56.5 mg, 0.6 mmol), Cs2CO3 (244.4 
mg, 0.75 mmol), and (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (3.5 mg, 0.005 mmol) in THF (0.5 
mL) and H2O (2 mL) were stirred at 60 °C for 8 hours. The resulting solid was not stirred 
with HClaq. Purification was performed using silica column chromatography by using a 
gradient of 100% hexanes to 30% EtOAc/ 70% hexanes. The average of two runs provided 
a yield of 32% (31.6 mg). 1H and 13C NMR data were consistent with that published in the 
literature.37 
 
Activation experiments for Pd-catalyzed Suzuki-Miyaura reactions (Figure 2.06) 
As shown in Table 2.01 (Entries 1 & 2) (η3-1-tBu-indenyl)Pd(IPr)(Cl) is a better 
precatayst than (η3-cinnamyl)Pd(IPr)(Cl) under our optimized conditions. To determine 
why (η3-1-tBu-indenyl)Pd(IPr)(Cl) outperformed (η3-cinnamyl)Pd(IPr)(Cl) in catalysis the 
rates of activation to Pd(0) were compared. The procedure used is described below: 
In a dinitrogen filled glovebox, (η3-1-tBu-indenyl)Pd(IPr)(Cl) (10 mg, 0.0142 
mmol), KOH (7.8 mg, 0.142 mmol), DVDS (33 µL, 0.142 mmol), and 1,2,3-
trimethoxybenzene (2.4 mg, 0.0142 mmol) were combined in THF-d8 (0.8 mL) and D2O 
(0.2 mL) and placed in a J. Young NMR tube. The reaction was allowed to mix at room 
temperature on a tilt table and a 1H NMR spectra recorded after 2 hours indicated > 99% 
conversion. Conversion was determined by comparison to the 1,2,3-trimethoxybenzene 






In a dinitrogen filled glovebox, (η3-cinnamyl)Pd(IPr)(Cl) (9.2 mg, 0.0142 mmol), 
KOH (7.8 mg, 0.142 mmol), DVDS (33 µL, 0.142 mmol), and 1,2,3-trimethoxybenzene 
(2.4 mg, 0.0142 mmol) were combined in THF-d8 (0.8 mL) and D2O (0.2 mL) and placed 
in a J. Young NMR tube. The reaction was allowed to mix at room temperature on a tilt 
table and a 1H NMR spectra recorded after 2 hours indicated 35% conversion. Conversion 
was determined by comparison to the 1,2,3-trimethoxybenzene internal standard.  
To determine the effect of water on the activation (η3-1-tBu-indenyl)Pd(IPr)(Cl) to 
Pd(0), the following experiment was performed: in a dinitrogen filled glovebox, (η3-1-tBu-
indenyl)Pd(IPr)(Cl) (5 mg, 0.0071 mmol), KOH (4.0 mg, 0.071 mmol), DVDS (16.4 µL, 
0.071 mmol), 1,2,3-trimethoxybenzene (2.4 mg, 0.0142 mmol), THF-d8 (0.8 mL) were 
placed in a J. Young NMR tube. The reaction was allowed to mix at room temperature on 
a tilt table and a 1H NMR spectra recorded after 2 hours indicated 72% conversion. 
Conversion was determined by comparison to the 1,2,3-trimethoxybenzene internal 
standard.  
 
Activation experiments for Pd-catalyzed Buchwald-Hartwig reactions (Figure 2.07) 
As shown in Table 2.02 in the main text (Entries 1, 2 & 3) (η3-1-tBu-
indenyl)Pd(SIPr)(Cl) is a better precatayst than (η3-allyl)Pd(SIPr)(Cl) and (η3-
allyl)Pd(IPr)(Cl) under our optimized conditions. To determine why (η3-1-tBu-
indenyl)Pd(IPr)(Cl) outperformed (η3-allyl)Pd(SIPr)(Cl) and (η3-allyl)Pd(IPr)(Cl) in 
catalysis the rates of activation to Pd(0) were compared. The procedure used and results 
are described below: 
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In a dinitrogen filled glovebox, (η3-1-tBu-indenyl)Pd(SIPr)(Cl) (5 mg, 0.0071 
mmol), Cs2CO3 (23.2 mg, 0.071 mmol), DVDS (16.5 µL, 0.071 mmol), and 2,6-
dimethoxytoluene (5.4 mg, 0.0355 mmol) were combined in THF-d8 (0.1 mL) and D2O 
(0.4 mL) and placed in a 1 dram vial equipped with a stir bar. The reaction was heated to 
40 °C, the organic layer was extracted with C6D6, and a 1H NMR spectra recorded after 4 
hours indicated > 99% conversion. Conversion was determined by comparison to the 2,6-
dimethoxytoluene internal standard. 
In a dinitrogen filled glovebox, (η3-allyl)Pd(SIPr)(Cl) (3.9 mg, 0.0071 mmol), 
Cs2CO3 (23.2 mg, 0.071 mmol), DVDS (16.5 µL, 0.071 mmol), and 2,6-dimethoxytoluene 
(5.4 mg, 0.0355 mmol) were combined in THF-d8 (0.1 mL) and D2O (0.4 mL) and placed 
in a 1 dram vial equipped with a stir bar. The reaction was heated to 40 °C, the organic 
layer was extracted with C6D6, and a 1H NMR spectra recorded after 4 hours indicated 11% 
conversion. Conversion was determined by comparison to the 2,6-dimethoxytoluene 
internal standard. 
In a dinitrogen filled glovebox, (η3-allyl)Pd(IPr)(Cl) (3.9 mg, 0.0071 mmol), 
Cs2CO3 (23.2 mg, 0.071 mmol), DVDS (16.5 µL, 0.071 mmol), and 2,6-dimethoxytoluene 
(5.4 mg, 0.0355 mmol) were combined in THF-d8 (0.1 mL) and D2O (0.4 mL) and placed 
in a 1 dram vial equipped with a stir bar. The reaction was heated to 40 °C, the organic 
layer was extracted with C6D6, and a 1H NMR spectra recorded after 4 hours indicated 17% 
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Chapter 3: Palladium-Catalyzed Suzuki–Miyaura Reactions of Aspartic Acid Derived 
Phenyl Esters 
The majority of the work in this chapter has been previously published as Org. Lett. 2019, 
21, 5762-5766 in collaboration with Professor Scott J. Miller and Dr. Christopher R. 
Shugrue from Yale University.  
I. Introduction 
Peptide-based therapeutics have emerged as a complementary approach to 
traditional small molecule drugs, exhibiting high medicinal efficacy, selectivity, and 
potency, as well as low toxicity.1 However, one reason their use in medicinal chemistry 
has been limited is because it is difficult to modify their pharmacokinetic properties.1b In 
recent years, there have been a number of reports describing transition metal-mediated 
processes to interconvert functional groups on amino acids and this has the potential to 
become a powerful method for peptide modification.2 Changing a functional group on one 
or more amino acid residues can alter the properties of the peptide by enhancing in vivo 
stability, solubility, or membrane permeability,3 creating tags that alter photophysical 
characteristics, installing handles that enable additional selective functionalization,4 or 
facilitating rapid screening of derivatives to elucidate structure–activity relationships.5 
Transition metal-mediated processes have previously been utilized to functionalize 
unnatural, slightly modified, and natural amino acids (Figure 3.01). For example, 
Figure 3.01: Examples of transition metal-mediated or catalyzed transformations of amino 









Red = Suzuki-Miyaura reaction6 
Brown = Negishi reaction8 
Orange = C-H functionalization9
Green = Stoichiometric S-arylation11 
Blue = Stoichiometric N-arylation12 
Purple = O-allylation13






pseudohalogenated tyrosine derivatives and halogenated phenylalanine derivatives can be 
used as the electrophile in Suzuki–Miyaura6 and electocatalytic amination reactions,7 while 
organozinc reagents derived from iodoalanine, aspartic acid, or glutamic acid can be 
utilized as the nucleophile in Negishi reactions.8 Significant progress has also been made 
in site-selective C(sp2)–H and C(sp3)–H functionalization of natural amino acid and 
unnatural amino acid derivatives.9 Recently, arylation chemistry to form X–C(sp2) bonds 
(X = C, NH, O, or Se) has been developed to modify amino acids, peptides, or proteins.10 
This includes natural amino acids such as cysteine,11 lysine,12 or tyrosine13 which can be 
chemoselectively modified using stoichiometric aryl Pd or Au reagents. In related work, 
arylated seleno-cysteine can be obtained from oxidized seleno-cysteine (Se-SR) and 
boronic acids using Cu reagents.14 
At this stage, both stoichiometric and catalytic transition metal-mediated processes 
that target side chain or C-terminal carboxylic acid functional groups on amino acids are 
rare, and they do not conserve the carbonyl moiety. For example, Ir-catalyzed 
photocatalytic couplings of carboxylic acids15 or redox active esters16 and Ni-catalyzed or 
mediated Negishi couplings of carboxylic acids (that have been converted into redox active 
esters)17 are decarboxylative processes (Figure 3.02). However, the amino ketone motif 
has proven to be essential for the functionality of some medicines. For instance, α-aryl-
amino ketones represent a class of therapeutics employed in the clinical treatment of 
depression18 and nicotine dependence19 and exhibit neuroprotective properties in mice by 
inhibiting the kynurenine pathway.20 Additionally, bioorthogonal reactions of ketones with 
hydrazines or alkoxyamines to form hydrazones or oximes, respectively, have been used 
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as a handle for further bioconjugation, such as site-specific in vitro and cell surface protein 
Figure 3.02: Transition metal-catalyzed or mediated decarboxylation reactions of 















































NiCl2.glyme 10 mol%, dtbbpy 15 mol%
Cs2CO3, DMF, 23 °C, 72 h
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2. NiCl2.glyme 2 equiv., ditBuBipy 4 equiv.
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Ir-mediated photo-catalysis of carboxylic acids
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labeling.4, 21		
Here, we show that non-decarbonylative Pd-catalyzed Suzuki-Miyaura reactions of 
phenyl esters can be used to catalytically modify amino acids containing carboxylic acid 
groups. Specifically, the esterification of carboxylic acids via a simple base-mediated 
process to form phenyl ester derivatives22 is followed by Pd-catalyzed non-decarbonylative 
cross-coupling to form ketone derivatives of aspartic acid. To the best of our knowledge, 
this work is the first example of a catalytic cross-coupling reaction to transform amino 
esters to amino ketones. 
 
II. Results and Discussions 
Motivated by previous work demonstrating that (η3-1-tBu-indenyl)Pd(IPr)(Cl) is an 
active catalyst for non-decarbonylative Suzuki−Miyaura reactions of organic phenyl 
esters23 this precatalyst was selected for the coupling of a phenyl ester derivative of a 
protected aspartic acid, Boc-Asp(OPh)-OtBu, with 4-methoxyphenylboronic acid. Our 
initial reactions indicated that hydrolysis of the phenyl ester to form Boc-Asp-OtBu was a 
significant problem. While changing the phenyl group on the ester to electronically and 
sterically different aryl groups led only to comparable (Figure 3.03, 3a-3b) or lower yields 
(3c-3f), careful optimization of the reaction conditions minimized hydrolysis. Under our 
optimized conditions, near quantitative coupling of Boc-Asp(OPh)-OtBu with 4 equiv. of 
4-methoxyphenylboronic acid was observed using 10 mol % of (η3-1-tBu-
indenyl)Pd(IPr)(Cl) and 4.4 equiv. of K2CO3 as the base in THF at 60 °C (Table 3.01, 
Entry 1). Analysis of the product using chiral HPLC indicated that there was no 
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racemization of the amino acid during the reaction and only a single stereoisomer of the 




Figure 3.03: LCMS yields to products for Pd-catalyzed Suzuki-Miyaura 
reactions of aryl esters derivatives of aspartic acid with boronic acids. Conditions 
for isolated yields: aryl ester-aspartic acid (0.0547 mmol), (4-methoxyphenyl)boronic acid 
(0.219 mmol), K2CO3 (0.241 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl precatalyst (0.00137 mmol), 
THF (0.5 mL). LCMS yields were determined based on a calibration curve against 1,2,4,5-
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3a. 65% 3b. 66% 3c. 39% 3d. 56%
3e. 47% 3f. 10%
R
	 72	
amino ketone was formed (Figure 3.04).		
Precatalyst (η3-1-tBu-indenyl)Pd(IPr)(Cl) resulted in higher yields compared to 
other commonly used precatalysts, such as (η3-cinnamyl)Pd(IPr)(Cl) and PEPPSI-IPr 
(Table 3.01, Entries 4-5), presumably due to the rapid activation of this system. Other 
common NHC ligands, such as SIPr, IMes, IPent, and IPr*OMe (Entries 6-9), resulted in a 
decrease in yield and phosphine ligands gave negligible yields (Entries 10-12). The use of 
K2CO3 as the base is crucial, as other common inorganic bases, including K3PO4, Na2CO3, 
 
Entry Deviation from optimized condition Yielda 
1 No change 96% 
2 No precatalyst <1% 
3 5 mol% instead of 10 mol% 74% 
4 (η3-cinnamyl)Pd(IPr)(Cl) instead of (η3-1-tBu-
indenyl)Pd(IPr)Cl 
65% 
5 PEPPSI-IPr instead of (η3-1-tBu-indenyl)Pd(IPr)Cl 69% 
6 SIPr instead of IPr 60% 
7 IMes instead of IPr 83% 
8 IPent instead of IPr 60% 
9 IPr*OMe instead of IPr 19% 
10 PCy3 instead of IPr 2% 
11 BrettPhos instead of IPr <1% 
12 XPhos instead of IPr 4% 
13 Na2CO3 instead of K2CO3 29% 
14 Cs2CO3 instead of K2CO3 6% 
15 K3PO4 instead of K2CO3 12% 
16 10 equiv. of waterb 29% 
17 Room temp. instead of 60 oC 7% 
Table 3.01: Optimization of a Pd-catalyzed Suzuki-Miyaura coupling with a phenyl 
ester derivative of protected aspartic acid. Conditions: Boc-Asp(OPh)-OtBu (0.0547 mmol), 4-
methoxyboronic acid (0.219 mmol), base (0.241 mmol), precatalyst (0.0547 mmol), THF (0.5 mL). 
aYields are the average of two runs determined by LCMS based on calibration curve versus 1,2,4,5-
tetramethylbenzene. bTotal volume (THF + H2O) of 0.5 mL. IPr = 1,3-Bis(2,6-diisopropylphenyl)-1,3-
dihydro-2H-imidazol-2-ylidene, SIPr = 1,3-bis(2,6-diisopropylphenyl)-4,5-dihydroimidazol-2-ylidene, 
IMes = 1,3-bis(2,4,6-trimethylphenyl)-imidazol-2-ylidene, IPent = 1,3-bis(2,6-Di-3-
pentylphenyl)imidazole-2-ylidene, PEPPSI = [1,3-Bis(2,6-Diispropyl)imidazole-2-ylidene](3-
chloropyridyl)palladium(II) dichloride. 
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and Cs2CO3, showed minimal product formation (Entries 13-15). Small amounts of water 
(10 equiv) can result in a large decrease in yield due to hydrolysis of the phenyl ester 
(Entry 16). The coupling of alkyl esters is significantly more difficult than the coupling of 
aryl esters, so the protection of the C-terminus of aspartic acid as a tBu or Me ester 
prevented deleterious side reactivity at this position. The choice of N-terminal protecting 
group for aspartic acid is also important. For example, when a carboxybenzyl (Cbz) 
protecting group is used instead of a tBuoxycarbonyl (Boc) group, 73% of the cross-
coupled product is observed under the standard conditions (Equation 3.01). In the presence 
of added water (4:1 THF/H2O) a new diaryl methane byproduct is formed when Cbz-
Asp(OPh)-OMe is used resulting from the cross-coupling of the benzyl carbamate of the 
Cbz protecting group to the arylboronic acid (Equation 3.02).	 
 
Using our optimized conditions, the scope of the boronic acid was explored (Figure 
3.05). Substrates with electron-neutral, electron-donating, or mildly electron-withdrawing 
substituents on the arylboronic acid were coupled in good to high yields (5a, 5c, 5e, 5f). 
However, low yields were observed for strongly electron-withdrawing 4-
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4-cyanophenyl- boronic acids. While, 2-substituted arylboronic acids could be coupled 
(5b, 5d), 2,6-substituted substrates showed minimal formation of the product by LCMS, 
and switching to the less bulky IMes ligand on Pd did not significantly improve conversion 
Figure 3.05: Isolated yields to products for Pd-catalyzed Suzuki-Miyaura reactions of 
phenyl esters-aspartic acid with boronic acids. Conditions for isolated yields: phenyl ester-
aspartic acid (0.10 mmol), boronic acid (0.4 mmol), K2CO3 (0.44 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl 
precatalyst (0.01 mmol), THF (1 mL). a THF (0.95mL), H2O (0.02 mL). Yields are the average of two 
runs. bYield from a single trial performed on a 1.0 mmol scale relative to amino acid. 
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to product. 3-heteroaryl boronic acids gave good yields (5i, 5j), while 2-heteroaryl boronic 
acids, which readily undergo protodeborylation, were challenging to couple (5k). For 
example, 2-thienylboronic acid gave low yields and 2-furylboronic acid showed no product 
under optimized conditions. Additionally, 2- and 4-pyridyl boronic acids gave no yields. 
Finally, extended aromatic boronic acids at the 1- and 2-positions showed moderate yields 
(5g, 5h). Overall, these reactions represent the first examples of non-decarbonylative 
Suzuki−Miyaura reactions of aspartic acid derivatives and more generally a rare catalytic 
reaction targeting carboxylic acid side groups of amino acids. Additionally, at this stage, 
organic amino ketones are often synthesized from carboxylic acids either via stoichiometric 
reactions with organolithium or Grignard reagents or via Friedel−Crafts chemistry, neither 
of which are highly functional group tolerant. Therefore, our catalytic method may also be 
relevant to the synthesis of amino ketones in non-amino acid-based molecules.	 
While high yields were obtained in coupling reactions involving the phenyl ester 
derivative of aspartic acid, we were unable to couple the related glutamic acid. Performing 
the reaction of Boc-L-Glu(OPh)-OMe with 4-methoxyphenylboronic acid under the 
optimized conditions for the aspartic acid derivative resulted in a mixture of the desired 
product (6%) and a five-membered pyroglutamic acid (91%) (Equation 3.03, Figure 
3.06). Glutamic acid and glutamine are known to generate pyroglutamic acid in the 
presence of acid, base, or elevated temperatures, and this side reaction normally occurs 
more rapidly when the residue is at the N-terminus.24  
 Our attempts to couple amino acids with phenyl protected C-termini were 
unsuccessful providing poor yields under standard conditions (Equation 3.04). However, 
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one observation was that the least sterically hindered amino acid Boc-Gly-OPh appeared 
to react more effectively than Boc-Ala-OPh, and Boc-Val-OPh gave no yields by LCMS. 
While sterics may be one limitation of this methodology, there appears to be an additional 
Figure 3.06: (a) Pd-catalyzed Suzuki-Miyaura reaction of Boc-Glu-OMe with (4-
methoxyphenyl)boronic acid. (b) ORTEP (30% probability) of Boc-L-Phe-L-
pyrogltamate-OMe. Selected bond distances and angles. N1-C1 1.38(5) Å, C1-O1 
1.19(2) Å, N1-C2 1.44(6) Å, O1-C1-N1 125.3(3)o, C1-N1-C2112.3(4)o. Crystal 
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R = H or Me ~10-20% conversion
R = iPr no product observed by LCMS
(Eq 3.04)
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factor that prevents the cross-coupling reaction from occurring more efficiently even with 
the least bulky amino acid glycine (R = H).	 
Following our work with single	 amino acids, we extended the methodology to 
dipeptides (Figure 3.07). Dipeptides with the phenyl ester derivative of aspartic acid at the 
C-terminus were coupled with 4 equiv. of 4-methoxyphenylboronic acid, 4.4 equiv. of 
K2CO3, and 20 mol % (η3-1-tBu-indenyl)Pd(IPr)(Cl)  in THF at 60 °C for 16 h. The reaction 
was compatible with nonpolar aliphatic (7a−c) and aromatic side chains (7d), including 
Figure 3.07: Isolated yields of products for Pd-catalyzed Suzuki-Miyaura reactions of 
phenyl esters-aspartic acid dipeptides with boronic acids. Conditions for isolated yields: 
phenyl ester-aspartic acid dipeptide (0.10 mmol), boronic acid (0.4 mmol), K2CO3 (0.44 mmol), (η3-1-
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K2CO3 4.4 equiv. 
THF/H2O (4:1),   60 oC,   4 h
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proline and phenylalanine. Peptides containing protected heteroatoms, such as 
serine(OtBu) (7e), and heteroaromatics, such as tryptophan(Boc) (7f), were also coupled in 
moderate to good yields. The cross-coupling reaction was not compatible with sulfides 
such as methionine. However, by first performing the cross-coupling reaction on Boc-
Asp(OPh)-OtBu under standard conditions, followed by methionine coupling, the dipeptide 
Boc-Asp(4-OMe-Ph)-Met-OtBu was obtained in 41% overall yield (Scheme 3.01). 
Synthesis of the amino ketone monomer followed by its incorporation into peptides using 
standard methods represents an alternative strategy to generate peptides with new 
functionality. We then attempted to cross-couple the tripeptide Boc-Ser(OtBu)-Ala-
Asp(OPh)-OtBu under the conditions used for the dipeptides and observed sub-
stoichiometric yield from an isolated mixture of product (approx. 15%), starting material 
(approx. 43%), and 4,4’-dimethoxybiphenyl (15%) by NMR (Equation 3.05).  
Dipeptides with the phenyl ester derivative of aspartic acid at the N-terminus were 










































K2CO3 4.4 equiv. 
THF,   60 oC,   16 h
(Eq 3.06)
(η3-1-tBu-indenyl)Pd(IPr)Cl 20 mol%
K2CO3 4.4 equiv. 
THF,   60 oC,   16 h
R = NMe2 0%









K2CO3 4.4 equiv. 


















~15% (from a mixture)
(Eq 3.05)
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observed with glutamic acid.24a We attempted to use Boc-Asp(OPh)-Pro-X, where X is 
OtBu or NMe2, in the cross-coupling reaction to prevent cyclization by blocking the amide 
(amide bond between Asp(OPh) and Pro) from reacting with the phenyl ester. The C-
terminus ester protecting group in this dipeptide was not innocent. The use of the NMe2 
protecting group resulted in no product formation whereas the use of the OtBu protecting 
group resulted in approximately 12% yield (Equation 3.07), which was still lower than we 
had anticipated (see Figure 3.07, c).  
III. Conclusions 
To the best of our knowledge, this work is the first example of a catalytic cross-
coupling reaction to transform amino esters to amino ketones. We have demonstrated that 
phenyl ester derivatives of Boc protected aspartic acids can undergo non-decarbonylative 
Suzuki−Miyaura cross-coupling reactions to form amino ketones.	 The reaction is 
compatible with dipeptides containing alkyl, aryl, hetreoaromatic, or ether side groups on 
the N-terminus amino acid. Our results provide proof-of-principle that a coupling reaction 
that works well in simple organic molecules can be translated to more complicated amino 
acid substrates.  
 
IV. Experimental Details 
General methods  
Experiments were performed under a dinitrogen atmosphere in an M-Braun 
glovebox or using standard Schlenk techniques unless otherwise stated. Under standard 
glovebox conditions purging was not performed between uses of diethyl ether, pentane, 
benzene, toluene and THF; thus, when any of these solvents were used, traces of all these 
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solvents were in the atmosphere and could be found intermixed in the solvent bottles. THF 
was dried by passage through a column of activated alumina followed by storage under 
dinitrogen. H2O was sparged with dinitrogen for 1 hour and stored under dinitrogen. Room 
temperature is considered 20-23 °C. All commercial chemicals were used as received 
except where noted. Ethyl acetate and hexanes were purchased from Fisher Scientific. SIPr, 
IPr*OMe, and IMes were purchased from Strem Chemicals. SIPr was stored in a -35 °C 
refrigerator in dinitrogen-filled glovebox. IPr was synthesized according to a literature 
procedure.25 XPhos, BrettPhos, and PCy3 were purchased from Sigma-Aldrich and stored 
in a dinitrogen-filled glovebox. Cesium carbonate (99+%) was purchased from Strem 
Chemicals, Inc. Potassium carbonate and sodium carbonate were purchased from 
Mallinckrodt and finely ground with a mortar and pestle prior to use. Potassium phosphate 
was purchased from Acros Organics. Bases were oven dried prior to use. Commercial 
amino acids were purchased from Chem-Impex International, Inc. and used as received. 
Amino acids were stored in 4 °C refrigerator. Amino acid and dipeptides were synthesized 
using previously reported methods22 and the procedures are detailed below. Palladium 
precatalysts were synthesized using previously reported methods.26 
NMR spectra were recorded on Agilent- 400, 500 and 600 MHz spectrometers at 
ambient probe temperatures unless otherwise stated. NMR solvents were purchased from 
Cambridge Isotope Laboratories and used without further purification. Chemical shifts are 
reported with respect to residual internal protio solvent for 1H and 13C NMR spectra. 
Spectral data are reported as follows: chemical shift (multiplicity [singlet (s), broad singlet 
(br s), doublet (d), triplet (t), quartet (q), multiplet (m), doublet of doublets (dd), doublet of 
doublet of doublets (ddd), complex mixture (comp), etc.], coupling constant, integration). 
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Infrared (IR) spectra were recorded on a Nicolet 6700 ATR/FT-IR spectrometer. Ultra-
high-performance liquid chromatography-mass spectrometry (UPLC/MS) was performed 
on a Waters Acquity SQD2 instrument equipped with an Ultra BEH C-18 column (1.7 µm 
particle size, 2.1 x 50 mm), a dual atmospheric pressure chemical ionization 
(API)/electrospray ionization (ESI) mass spectrometry detector, and a photodiode array 
detector. High resolution mass spectrometry (HRMS) was performed on a high-resolution 
Q-tof MS/Acquity UPLC instrument equipped with a BEH C18 column (1.7 µm particle 
size, 2.1 x 50 mm) and a photodiode array detector. Normal-phase and reversed-phase 
column chromatography were performed on a Biotage Isolera One instrument using Snap 
Ultra HP-Sphere Sillica 25 µm and Snap Ultra HP-Sphere C18 25 µm cartridges. High 
performance liquid chromatography (HPLC) analysis was performed on an Agilent 1100 
series instrument equipped with a diode array detector (λ = 265 nm) and a chiral column 
from Daicel Chemical Industries (Chiralpak IG) under ambient temperature (1.0 mL/min, 
50% EtOH/Hexanes). Optical rotations were recorded on a Rudolph Research Analytical 
Autopol VI Automatic Polarimeter at the sodium D line (50.0 mm path length) at 20 °C in 
CH2Cl2 with concentration (c) given in g/100 mL. 
 
Synthesis of phenyl ester derivatives of amino acid and dipeptide starting materials 
The following general procedure was used to synthesize α-tert-butyl-N-Boc-
aspartic acid 4-(aryl) ester (Boc-Asp(OAr)-OtBu) unless otherwise stated: Boc-Asp(OH)-
OtBu, aryl alcohol (1 equiv.), N-(3-Dimethylaminopropyl)-N′-ethylcarbodiimide 
hydrochloride (EDC•HCl) (1.1 equiv.), 1-Hydroxybenzotriazole hydrate (HOBt•H2O) (1.1 
equiv.), and DCM were added to a 100-mL or 250 mL round bottom flask equipped with 
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a magnetic stir bar. The solution was sparged with dinitrogen and diisopropyl ethyl amine 
(DIPEA) (2.2 equiv.) was added via syringe while stirring. The reaction was stirred at room 
temp. for 18 h. After the reaction was complete, the reaction was quenched with aqueous 
sodium bicarbonate in a separatory funnel. The aqueous layer was extracted three times 
with DCM (50 mL) and the combined organic layers were washed with 10% aqueous citric 
acid followed by concentrated aqueous sodium chloride. The organic layer was dried over 
sodium sulfate, filtered, and concentrated. Purification was performed using reversed-
phase column chromatography by using a gradient of 100% water to 100% acetonitrile to 
provide the pure products in the reported yields. 
 
 
Boc-Asp(OPh)-OtBu (3a). Following the general procedure above, a mixture of 
Boc-Asp(OH)-OtBu (1.470 mmol), phenol (1.470 mmol), EDC•HCl (1.620 mmol), 
HOBt•H2O (1.620 mmol), DIPEA (3.240 mmol), and DCM (10 mL) were stirred at room 
temp. Following purification, a 70% yield (376.0 mg) was obtained. 1H NMR (CDCl3, 500 
MHz): 7.37 (m, 2 H), 7.22 (m obstructed by solvent, 1 H), 7.08 (m, 2 H), 5.48 (br. m, 1 H), 
4.56 (br. m, 1 H), 3.10 (dd, J = 16.57, 68.48 Hz, 2 H), 1.47 and 1.46 (overlapping s, 18 H) 
ppm. 13C{1H}  NMR (CDCl3, 126 MHz): 169.88, 169.64, 155.53, 150.49, 129.55, 126.12, 
121.54, 82.75, 80.12, 50.76, 37.45, 28.45, 28.05 ppm. HRMS (ESI+): 366.1944 [M+H]+. 
Calcd for [C19H28NO6]: 366.1838. IR (FT-ATR, cm-1): 3418.6, 2974.7, 2928.9, 1760.4, 







Boc-Asp(O(4-MeO-Ph))-OtBu (3b). Following the general procedure above, a 
mixture of Boc-Asp(OH)-OtBu (0.864 mmol), 4-methoxyphenol (0.864 mmol), EDC•HCl 
(0.951 mmol),HOBt•H2O (0.951 mmol), DIPEA (1.901 mmol) and DCM (5 mL) were 
stirred at room temp. Following purification, a 59% yield (201.2 mg) was obtained. 1H 
NMR (CDCl3, 400 MHz): 6.99 (d, J = 8.71 Hz, 2 H), 6.89 (d, J = 8.71 Hz, 2 H), 5.47 (br. 
m, 1 H), 4.55 (br. m, 1 H), 3.79 (s, 3 H), 3.08 (dd, J = 41.2, 16.25 Hz, 2 H), 1.47 (br. s, 18 
H) ppm. 13C{1H} NMR (CDCl3, 126 MHz): 169.86, 157.32, 155.39, 143.85, 122.16, 
114.42, 109.98, 82.58, 79.97, 55.56, 50.62, 37.26, 28.31, 27.92 ppm. HRMS (ESI+): 
396.2026 [M+H]. Calcd for [C20H30NO7]: 396.2022. IR (FT-ATR, cm-1): 3424.3, 2977.6, 
2931.7, 1754.7, 1728.9, 1714.6. [α]D20.0 = +21.47 (c = 0.805). 
 
Boc-Asp(O(2-Me-Ph))-OtBu (3c). Following the general procedure above, a 
mixture of Boc-Asp(OH)-OtBu (1.728 mmol), 2-methylphenol (1.728 mmol), EDC•HCl 
(1.901 mmol), HOBt•H2O (1.901 mmol), DIPEA (3.802 mmol) and DCM (10 mL) were 
stirred at room temp. Following purification, a 62% yield (409.8 mg) was obtained. 1H 
NMR (CDCl3, 400 MHz): 7.13 – 7.04 (m, 3 H), 6.90 (d, J = 7.55 Hz, 1 H), 5.41 (m, 1 H), 











13C{1H} NMR (CDCl3, 126 MHz): 169.85, 169.59, 155.57, 149.20, 131.30, 130.12, 
127.06, 126.34, 121.86, 82.72, 80.09, 50.75, 36.97, 28.46, 28.05, 16.35 ppm. HRMS 
(ESI+): 380.2094 [M+H]+. Calcd for [C20H30NO6]: 380.2073. IR (FT-ATR, cm-1): 3412.9, 
2977.6, 1760.4, 1731.7, 1711.7. [α]D20.0 = +25.66 (c = 1). 
 
Boc-Asp(O(4-F-Ph))-OtBu (3d). Following the general procedure above, a mixture 
of Boc-Asp(OH)-OtBu (0.864 mmol), 4-fluorophenol (0.864 mmol), EDC•HCl (0.951 
mmol), HOBt•H2O (0.951 mmol), DIPEA (1.901 mmol), and DCM (5 mL) were stirred at 
room temp. Following purification, a 50% yield (190.0 mg) was obtained. 1H NMR 
(CDCl3, 400 MHz): 7.06 (d, J = 6.44 Hz, 4 H), 5.45 (br. m, 1 H), 4.56 (br. m, 1 H), 3.09 
(dd, J = 29.91, 16.53 Hz, 2 H), 1.47 and 1.45 (overlapping s, 18 H) ppm. 13C{1H} NMR 
(CDCl3, 126 MHz): 169.61 (d) 161.15, 159.21, 155.28, 146.07, 122.78 (d), 116.09 (d), 
82.63, 79.97, 77.16, 50.55, 37.23, 28.22, 27.81.ppm. 19F NMR (CDCl3, 376 MHz): -116.77 
ppm. HRMS (ESI+): 406.1657 [M+Na]+. Calcd for [C19H26FNO6Na]: 406.1642. IR (FT-
ATR, cm-1): 3424.3, 2977.6, 2934.6, 1757.5, 1740.3, 1711.7. [α]D20.0 = +22.12 (c = 0.805). 
 
Boc-Asp(O(4-CF3-Ph))-OtBu (3e). Following the general procedure above, a 












EDC•HCl (0.951 mmol), HOBt•H2O (0.951 mmol), DIPEA (1.901 mmol) and DCM (5 
mL) were stirred at room temp. Following purification, a 57% yield (213.9 mg) was 
obtained. 1H NMR (CDCl3, 400 MHz): 7.64 (d, J = 6.72 Hz, 2 H), 7.23 (obstructed by 
solvent CDCl3, 2 H), 5.45 (br. m, 1 H), 4.58 (br. m, 1H), 3.12 (m, 2H), 1.46 (br. s, 18 H) 
ppm. 13C{1H} NMR (CDCl3, 101 MHz): 169.76, 169.09, 155.49, 153.00, 128.62, 128.30, 
127.01, 126.97, 126.94, 126.90, 125.30, 122.59, 122.12, 83.03, 80.33, 50.86, 37.63, 28.47, 
28.08 ppm. 19F NMR (CDCl3, 376 MHz): -62.34 ppm. HRMS (ESI+): 434.1820 [M+H]+. 
Calcd for [C20H27F3NO6]: 434.1790. IR (FT-ATR, cm-1): 3392.8, 2974.7, 2923.2, 1763.2, 




Boc-Asp(O(3-pyridyl-Ph))-OtB (3f)u. Following the general procedure above, a 
mixture of Boc-Asp(OH)-OtBu (6.913 mmol), 3-hydroxy pyridine (6.913 mmol), 
EDC•HCl (7.604 mmol), HOBt•H2O (7.604 mmol), DIPEA (15.20 mmol), and DCM (30 
mL) were stirred at room temp. Following purification, a 35% yield (888.3 mg) was 
obtained. 1H NMR (CDCl3, 400 MHz): 8.49 (d, J = 4.66 Hz, 1 H), 8.43 (br. s., 1 H), 7.49 
(d, J = 8.33 Hz, 1 H), 7.34 (m, 1 H), 5.47 (m, 1 H), 4.60 (m, 1 H), 3.14 (dd, J = 22.7, 16.55 
Hz, 2 H), 1.47 and 1.45 (overlapping s, 18 H) ppm. 13C{1H} NMR (CDCl3, 126 MHz): 
169.70, 169.16, 155.48, 147.25, 147.16, 143.33, 129.34, 124.06, 83.05, 80.32, 50.79, 







367.1869. IR (FT-ATR, cm-1): 3421.5, 3011.9, 2977.6, 2928.9, 1763.2, 1731.7, 1714.6. 
[α]D20.0 = +21.88 (c = 1). 
 
The following procedure was used to synthesize α-methyl-N-Cbz-aspartic acid 4-
(phenyl) ester (Cbz-Asp(OPh)-OMe): Cbz-Asp(OH)-OMe (7.11 mmol), phenol (7.11 
mmol), EDC•HCl (7.82 mmol), HOBt•H2O (7.82 mmol), and DCM (30 mL) were added 
to a round bottom flask equipped with a magnetic stir bar. The solution was sparged with 
dinitrogen and DIPEA (15.64 mmol) was added via syringe while stirring. The reaction 
was stirred at room temp. for 18 h. After the reaction was complete, the reaction was 
quenched with aqueous sodium bicarbonate in a separatory funnel. The aqueous layer was 
extracted three times with DCM (100 mL) and the combined organic layers were washed 
with 10% aqueous citric acid followed by concentrated aqueous sodium chloride. The 
organic layer was dried over sodium sulfate, filtered, and concentrated. Purification was 
performed using reversed-phase column chromatography by using a gradient of 100% 
water to 100% acetonitrile to provide a 63% yield (1.60 g). 1H NMR (CDCl3, 400 MHz): 
7.39-7.34 (m, 7 H), 7.23 (overlapping with CDCl3, 1 H), 7.07 (d, J = 8.01 Hz, 2 H), 5.77 
(br. d, J = 7.97 Hz, 1 H), 5.15 (s, 2 H), 4.77 (m, 1 H), 3.78 (s, 3 H), 3.21 (dd, J = 46.92, 
17.17 Hz, 2 H) ppm. 13C{1H} NMR (CDCl3, 126 MHz): 171.30, 169.86, 156.29, 150.61, 






HRMS (ESI+): 358.1273 [M+H]+. Calcd for [C19H20NO6]: 358.1291; IR (FT-ATR, cm-1): 
3338.4, 2948.9, 1763.2, 1734.6, 1685.9. [α]D20.0 = +33.10 (c = 0.0806). 
 
The following procedure was used to synthesize α-methyl-N-Boc-glutamic acid 4-
(phenyl) ester (Boc-Glu(OPh)-OMe): Boc-Glu(OH)-OMe (1.914 mmol), phenol (1.914 
mmol), EDC•HCl (2.105 mmol), HOBt•H2O (2.105 mmol), and DCM (10 mL) were added 
to a round bottom flask equipped with a magnetic stir bar. The solution was sparged with 
dinitrogen and DIPEA (4.211 mmol) was added via syringe while stirring. The reactions 
were stirred at room temp. for 18 h. After the reaction was complete, the reaction was 
quenched with aqueous sodium bicarbonate in a separatory funnel. The aqueous layer was 
extracted three times with DCM (50 mL) and the combined organic layers were washed 
with 10% aqueous citric acid followed by concentrated aqueous sodium chloride. The 
organic layer was dried over sodium sulfate, filtered, and concentrated. Purification was 
performed using reversed-phase column chromatography by using a gradient of 100% 
water to 100% acetonitrile to provide a 77% yield (495.0 mg). 1H NMR (CDCl3, 600 MHz): 
7.37 (t, J = 7.81 Hz, 2 H), 7.22 (t, J = 7.19 Hz, 1 H), 7.10 (d, J = 7.94 Hz, 2 H), 5.16 (m, 1 
H), 4.43 (m, 1 H), 3.76 (s, 3 H), 2.72-2.61 (m, 2 H), 2.31 (m, 1 H), 2.05 (m, 1 H), 1.45 (s, 
9 H) ppm. 13C{1H} NMR (CDCl3, 151 MHz): 172.96, 171.63, 155.72, 150.93, 129.74, 





[M+Na]+. Calcd for [C17H23NO6Na]: 360.1423. IR (FT-ATR, cm-1): 3368.6, 2977.6, 
1749.1, 1712.4. [α]D20.0 = +10.56 (c = 1) 
 
The following general procedure was used to synthesize α-phenyl-N-Boc-amino 
acids (Boc-L-Xx-OPh) unless otherwise stated: Boc-Xx-OH, phenol (1 equiv.), N-(3-
Dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC•HCl) (1.1 equiv.), 1-
Hydroxybenzotriazole hydrate (HOBt•H2O) (1.1 equiv.), and DCM were added to a round 
bottom flask equipped with a magnetic stir bar. The solution was sparged with dinitrogen 
and diisopropyl ethyl amine (DIPEA) (2.2 equiv.) was added via syringe while stirring. 
The reaction was stirred at room temp. for 18 h. After the reaction was complete, the 
reaction was quenched with aqueous sodium bicarbonate in a separatory funnel. The 
aqueous layer was extracted three times with DCM (50 mL) and the combined organic 
layers were washed with 10% aqueous citric acid followed by concentrated aqueous 
sodium chloride. The organic layer was dried over sodium sulfate, filtered, and 
concentrated. Purification was performed using reversed-phase column chromatography 
by using a gradient of 100% water to 100% acetonitrile to provide the pure products in the 
reported yields. 
 
Boc-Gly-OPh. Following the general procedure above, a mixture of Boc-Gly (2.850 
mmol), phenol (2.850 mmol), EDC•HCl (3.135 mmol), HOBt•H2O (3.135 mmol), DIPEA 
(6.270 mmol), and DCM (20 mL) were stirred at room temp. Following purification, a 80% 





7.25 (t obstructed by solvent, J = 7.38 Hz, 1H), 7.12 (d, J = 7.44 Hz, 2H), 4.19 (d, J = 5.62 
Hz, 2H), 1.47 ppm (s, 9H). 
 
Boc-Ala-OPh. Following the general procedure above, a mixture of Boc-Ala (2.640 
mmol), phenol (2.640 mmol), EDC•HCl (2.904 mmol), HOBt•H2O (2.904 mmol), DIPEA 
(5.808 mmol), and DCM (20 mL) were stirred at room temp. Following purification, a 61% 
yield (430.7 mg) was obtained. 1H NMR (CDCl3, 400 MHz): 7.29 (t, J = 8.15 Hz, 2H), 
7.24 (t obstructed by solvent, J = 7.43 Hz, 1H), 7.11 (d, J = 7.40 Hz, 2H), 4.56 (m, 1H), 
1.57 (s obstructed by solvent, 3H), 1.47 ppm (s, 9H). 
 
Boc-Val-OPh. Following the general procedure above, a mixture of Boc-Val 
(2.300 mmol), phenol (2.300 mmol), EDC•HCl (2.530 mmol), HOBt•H2O (2.530 mmol), 
DIPEA (5.060 mmol), and DCM (20 mL) were stirred at room temp. Following 
purification, a 71% yield (480.0 mg) was obtained. 1H NMR (CDCl3, 400 MHz): 7.41 (t, 
J = 7.59 Hz, 2H), 7.24 (t obstructed by solvent, J = 7.45 Hz, 1H), 7.10 (d, J = 8.01 Hz, 
2H), 4.98-4.46 (m, 1H), 2.35-2.32 (m, 1H), 1.47 (s, 9H), 1.09 (d, J = 6.30 Hz, 3H), 1.04 
ppm (d, J = 6.82 Hz, 3H).  
 
The following general procedure was used for Boc deprotection unless otherwise 








equipped with a magnetic stir bar. The reaction was stirred at room temp. for 2 h. Nitrogen 
was bubbled through the solution and residual solvent was removed in vacuo for 18 h. The 
product was used without further purification.  
 
Boc-Asp(OPh)-OtBu (1.368 mmol) and 4 M HCl in dioxane (1 mL) were stirred at r.t. for 
2 h.  
 
Boc-Glu(OPh)-OMe (5.7 mmol) and 4 M HCl in dioxane (2 mL) were stirred at r.t. for 2 
h. 
 
Boc-Ala-OtBu (5.5 mmol) and 4 M HCl in dioxane (2 mL) were stirred at r.t. for 2 h. 
 




















The following general procedure was used for the synthesis of dipeptides Boc-Xaa-
Asp(OPh)-OtBu unless otherwise stated: HCl•H2N-Asp(OPh)-OtBu (1 equiv.), Boc-amino 
acid (1 equiv.), EDC•HCl (1.1 equiv.), HOBt•H2O (1.1 equiv.), and DCM were added to a 
round bottom flask equipped with a magnetic stir bar. The solution was sparged with 
nitrogen and DIPEA (2.2 equiv.) was added via syringe while stirring. The reactions were 
stirred at room temp. for 18 h. After the reaction was complete, the reaction was quenched 
with aqueous sodium bicarbonate in a separatory funnel. The aqueous layer was extracted 
three times with DCM (50 mL) and the combined organic layers were washed with 10% 
aqueous citric acid followed by concentrated aqueous sodium chloride. The organic layer 
was dried over sodium sulfate, filtered, and concentrated. Purification was performed using 
reversed-phase column chromatography by using a gradient of 100% water to 100% 
acetonitrile to provide the yield. 
 
Boc-Ala-Asp(OPh)-OtBu. Following the general procedure above, a mixture of 
HCl•H2N-Asp(OPh)-OtBu (1.368 mmol), Boc-alanine (1.368 mmol), EDC•HCl (1.505 
mmol), HOBt•H2O (1.505 mmol), DIPEA (3.010 mmol), and DCM (10 mL) were stirred 
at room temperature. Following purification, a 26% yield (156.0 mg) was obtained. 1H 
NMR (CDCl3, 400 MHz): 7.36 (t, J = 7.57 Hz, 2H), 7.22 (t obstructed by CDCl3, 1 H), 
7.09 (d, J = 7.83 Hz, 2 H), 6.92 (m, 1 H), 5.02 (m, 1 H), 4.81 (m, 1 H), 4.19 (m, 1 H), 3.18 
(dd, J = 16.86, 41.19 Hz, 2 H), 1.46 – 1.37 (comp, 21 H) ppm. 13C{1H} NMR (CDCl3, 101 









28.42, 28.04, 18.73 ppm. HRMS (ESI+): 437.2304 [M+H]+. Calcd for [C22H33N2O7]: 
437.2288. IR (FT-ATR, cm-1): 3338.4, 3284.0, 2974.7, 12934.6, 1754.7, 1731.7, 1685.9, 
1654.4. [α]D20.0 = +16.42 (c = 1). 
 
Boc-Val-Asp(OPh)-OtBu. Following the general procedure above, a mixture of 
HCl•H2N-Asp(OPh)-OtBu (1.368 mmol), Boc-valine (1.368 mmol), EDC•HCl (1.505 
mmol), HOBt•H2O (1.505 mmol), DIPEA (3.010 mmol), and DCM (10 mL) were stirred 
at room temperature overnight. Following reversed-phase column chromatography, normal 
phase column chromatography using a gradient of 100% hexanes to 100% ethyl acetate 
was performed to obtain a 27% yield (174.6 mg). 1H NMR (CDCl3, 400 MHz): 7.28 (t, J = 
7.64 Hz, 2 H), 7.13 (t obstructed by CDCl3, 1H), 6.97 (d, J = 8.02 Hz, 2 H), 6.69 (m, 1 H), 
4.95 (m, 1 H), 4.75 (m, 1 H), 3.91 (m, 1 H), 3.11 (dd, J = 17.01, 53.87 Hz, 2 H), 2.06 (m, 
1 H), 1.37 (s, 9 H), 1.34 (s, 9 H), 0.89 (d, J = 6.78 Hz, 3 H), 0.83 (d, J = 6.81 Hz, 3 H) ppm. 
13C{1H} NMR (CDCl3, 101 MHz): 171.38, 169.82, 169.21, 168.56, 150.44, 129.62, 
126.22, 121.55, 83.13, 59.91, 49.27, 36.79, 31.28, 28.44, 28.06, 19.36, 17.69 ppm. HRMS 
(ESI+): 465.2628 [M+H]+. Calcd for [C24H37N2O7]: 465.2601. IR (FT-ATR, cm-1): 3338.4, 


















Boc-Pro-Asp(OPh)-OtBu. Following the general procedure above, a mixture of 
HCl•H2N-Asp(OPh)-OtBu (1.368 mmol), Boc-proline (1.368 mmol), EDC•HCl (1.505 
mmol), HOBt•H2O (1.505 mmol), DIPEA (3.010 mmol), and DCM (10 mL) were stirred 
at room temperature. Following reversed-phase column chromatography, normal phase 
column chromatography using a gradient of 100% hexanes to 100% ethyl acetate was 
performed to obtain a 42% yield (263.4 mg). 1H NMR (CDCl3, 400 MHz, mixture of 
conformers): 7.36 (t, J = 7.66 Hz, 2 H), 7.22 (t, J = 7.31 Hz, 1 H), 7.07 (br. m, 2 H), 4.78 
(m, 1 H), 4.25 (m, 1 H) 3.44 (br. m, 2 H), 3.12 (s, 2 H), 2.24 – 1.84 (m, 5 H), 1.46 (s, 9 H), 
1.44 (s, 9 H) ppm. 13C{1H} NMR (CD3OD, 151 MHz, mixture of conformers): 172.58, 
171.99, 169.01, 155.26, 154.35, 150.23, 129.29, 125.83, 121.32, 121.21, 82.86, 82.48, 
80.46, 80.17, 61.00, 60.04, 49.36, 49.17, 46.97, 46.78, 36.91, 36.67, 30.91, 28.70, 28.20, 
27.80, 24.37, 23.50 ppm. HRMS (ESI+): 463.2469 [M+H]+. Calcd for [C24H35N2O7]: 
463.2444. IR (FT-ATR, cm-1): 3306.9, 2977.6, 2931.7, 2880.2, 1757.5, 1734.6, 1694.5. 
[α]D20.0 = -28.60 (c = 1). 
 
Boc-Phe-Asp(OPh)-OtBu. Following the general procedure above, a mixture of 
HCl•H2N-Asp(OPh)-OtBu (0.663 mmol), Boc-phenylalanine (0.663 mmol), EDC•HCl 
(0.729 mmol), HOBt•H2O (0.729 mmol), DIPEA (1.459 mmol), and DCM (5 mL) were 
stirred at room temperature. Following purification, a 56% yield (191.3 mg) was obtained. 









6 H), 7.05 (d, J = 7.9 Hz, 2 H), 6.88 (m, 1 H), 4.90 (m, 1 H), 4.75 (m, 1 H), 4.41 (m, 1 H), 
3.19-3.03 (m, 4 H), 1.45 (s, 9 H), 1.38 (s, 9 H) ppm. 13C{1H} NMR (CDCl3, 126 MHz): 
171.25, 169.37, 169.01, 150.47, 136.47, 129.56, 129.45, 128.80, 127.13, 126.15, 121.55, 
83.12, 80.28, 55.71, 49.52, 38.36, 36.85, 28.36, 28.04 ppm. HRMS (ESI+): 513.2620 
[M+H]+. Calcd for [C28H37N2O7]: 513.2601. IR (FT-ATR, cm-1): 3342.9, 3299.0, 2978.7, 
2928.3, 1754.9, 1737.3, 1686.0, 1656.1. [α]D20.0 = +18.20 (c = 1). 
 
Boc-Ser(OtBu)-Asp(OPh)-OtBu. Following the general procedure above, a mixture 
of HCl•H2N-Asp(OPh)-OtBu (1.368 mmol), Boc-serine(OtBu) (1.368 mmol), EDC•HCl 
(1.505 mmol), HOBt•H2O (1.505 mmol), DIPEA (3.010 mmol), and DCM (10 mL) were 
stirred at room temperature. Following purification, a 33% yield (232.0 mg) was obtained. 
1H NMR (CDCl3, 400 MHz): 7.63 (br. m, 1 H), 7.35 (t, J = 7.83 Hz, 2 H), 7.21 (t, J = 7.37 
Hz, 1 H), 7.08 (d, J = 7.8 Hz, 2 H), 5.41 (br. s, 1 H), 4.81 (m, 1 H), 4.21 (br. m, 1 H), 3.79 
(br. m, 1 H), 3.41 (t, J = 7.9 Hz, 1 H), 3.11 (dd, J = 35.63, 16.73 Hz, 2 H), 1.46 and 1.44 
(two overlapping s, 18 H), 1.17 (s, 9 H) ppm. 13C{1H} NMR (CDCl3, 101 MHz): 170.79, 
169.19, 169.04, 155.56, 150.49, 129.49, 126.04, 121.51, 82.78, 80.09, 74.14, 61.92, 54.46, 
49.53, 36.94, 28.42, 28.01, 27.43. ppm. HRMS (ESI+): 509.2888 [M+H]+. Calcd for 
[C26H41N2O8]: 509.2863. IR (FT-ATR, cm-1): 3315.5, 2974.7, 2934.6, 2874.5, 1760.4, 











Boc-Trp(Boc)-Asp(OPh)-OtBu. Following the general procedure above, a mixture 
of HCl•H2N-Asp(OPh)-OtBu (1.657 mmol), Boc-tryptophan(Boc) (1.657 mmol), 
EDC•HCl (1.823 mmol), HOBt•H2O (1.823 mmol), DIPEA (3.645 mmol), and DCM (10 
mL) were stirred at room temperature. Following reversed-phase column chromatography, 
normal phase column chromatography using a gradient of 100% hexanes to 100% ethyl 
acetate was performed to obtain a 32% yield (349.4 mg).  1H NMR (CDCl3, 400 MHz): 
8.10 (m, 1 H), 7.57 (d, J = 7.73 Hz, 1 H), 7.46 (s, 1 H), 7.37-7.20 (m obstructed by solvent, 
6 H), 6.98 (d, J = 8.02 Hz, 2 H), 6.86 (d, J = 7.3 Hz, 1 H), 5.06 (m, 1 H), 4.68 (m, 1 H), 
4.50 (m, 1 H), 3.21-2.98 (m, 4 H), 1.64 (s, 9 H), 1.42 and 1.40 (overlapping s, 18 H) ppm. 
13C{1H} NMR (CDCl3, 151 MHz): 171.25, 169.38, 168.87, 155.42, 150.38, 149.64, 
135.63, 130.40, 129.54, 126.13, 124.72, 124.48, 122.76, 121.51, 119.16, 115.43, 115.37, 
83.66, 83.08, 80.40, 54.62, 49.47, 36.72, 28.37, 28.32, 28.11, 28.00 ppm. HRMS (ESI+): 
652.3248 [M+H]+. Calcd for [C35H46N3O9]: 652.3234. IR (FT-ATR, cm-1): 3327.0, 3281.1, 












The following procedure was used for the synthesis of dipeptide Boc-Phe-
Glu(OPh)-OMe: HCl•H2N-Glu(OPh)-OMe (9.440 mmol), Boc-Phe (9.440 mmol), 
EDC•HCl (10.384 mmol), HOBt•H2O (10.384 mmol), and DCM (30 mL) were added to a 
round bottom flask equipped with a magnetic stir bar. The solution was sparged with 
nitrogen and DIPEA (20.768 mmol) was added via syringe while stirring. The reactions 
were stirred at room temperature for 18 h. After the reaction was complete, the reaction 
was quenched with aqueous sodium bicarbonate in a separatory funnel. The aqueous layer 
was extracted three times with DCM (50 mL) and the combined organic layers were 
washed with 10% aqueous citric acid followed by concentrated aqueous sodium chloride. 
The organic layer was dried over sodium sulfate, filtered, and concentrated. Purification 
was performed using reversed-phase column chromatography by using a gradient of 100% 
water to 100% acetonitrile to provide a yield of 36% (1.640 g). 1H NMR (CDCl3, MHz): 
(CDCl3, 400 MHz): 7.38 (t, J = 8.12 Hz, 2 H), 7.32-7.19 (m obstructed by solvent, 8H), 
7.09 (d, J = 8.03, 2H), 6.54 (d, J = 7.66 Hz, 1H), 4.94-4.96 (br. m, 1H), 4.67 (quartet, J = 
8.02 Hz, 1H), 4.34-4.39 (m, 1H), 3.72 (s, 3H), 3.03-3.14 (m, 2H), 2.49-2.64 (m, 2H), 2.25-
2.34 (sextet, J = 7.39 Hz, 1H), 1.97-2.07 (m, 1H), 1.42 (s, 9H).  
 
The following general procedure was used for the synthesis of dipeptides Boc- 









Asp(OMe) (1 equiv.), EDC•HCl (1.1 equiv.), HOBt•H2O (1.1 equiv.), and DCM were 
added to a round bottom flask equipped with a magnetic stir bar. The solution was sparged 
with nitrogen and DIPEA (2.2 equiv.) was added via syringe while stirring. The reactions 
were stirred at room temperature for 18 h. After the reaction was complete, the reaction 
was quenched with aqueous sodium bicarbonate in a separatory funnel. The aqueous layer 
was extracted three times with DCM (50 mL) and the combined organic layers were 
washed with 10% aqueous citric acid followed by concentrated aqueous sodium chloride. 
The organic layer was dried over sodium sulfate, filtered, and concentrated. Purification 
was performed using reversed-phase column chromatography by using a gradient of 100% 
water to 100% acetonitrile to provide the yield. 
 
 
 Boc-Asp(OMe)-Ala-OtBu. HCl•H2N-Ala-OtBu (5.5 mmol), Boc-Asp(OMe) (5.5 
mmol), EDC•HCl (6.1 mmol), HOBt•H2O (6.1 mmol), and DCM were added to a round 
bottom flask equipped with a magnetic stir bar. The solution was sparged with nitrogen 
and DIPEA (12.1 equiv.) was added via syringe while stirring. The reactions were stirred 


















 Boc-Asp(OMe)-Pro-OtBu. HCl•H2N-Pro-OtBu (5.8 mmol), Boc-Asp(OMe) (5.8 
mmol), EDC•HCl (6.4 mmol), HOBt•H2O (6.4 mmol), and DCM were added to a round 
bottom flask equipped with a magnetic stir bar. The solution was sparged with nitrogen 
and DIPEA (12.8 equiv.) was added via syringe while stirring. The reactions were stirred 
at room temperature for 18 h. 
The following general procedure was used for the deprotection of the methyl ester 
unless otherwise stated: Boc-Asp(OMe)-Xx-OtBu (1 equiv.) and MeOH/H2O (0.5 M, 1:1) 
were added to a round bottom flask equipped with a magnetic stir bar and cooled to 0 °C. 
LiOH (2.2 equiv.) was added, the reaction was warmed to room temp. and stirred for 3 h. 
After the reaction was complete the solvent was removed in vacuo. 
 
Boc-Asp(OLi)-Ala-OtBu. Boc-Asp(OMe)-Ala-OtBu (5.5 mmol) and MeOH/H2O 
(0.5 M, 1:1) were added to a round bottom flask equipped with a magnetic stir bar and 
cooled to 0 °C. LiOH (2.2 equiv.) was added, the reaction was warmed to room temp. and 
stirred for 3 h. 
 
Boc-Asp(OLi)-Pro-OtBu. Boc-Asp(OMe)-Ala-OtBu (5.8 mmol) and MeOH/H2O 

















cooled to 0 °C. LiOH (2.2 equiv.) was added, the reaction was warmed to room temp. and 
stirred for 3 h. 
The following general procedure was used for the synthesis of Boc-Asp(OPh)-Xx-
OtBu unless otherwise stated: Boc-Asp(OLi)-Xx-OtBu (1 equiv.), phenol (1 equiv.), 
EDC•HCl (1.1 equiv.), HOBt•H2O (1.1 equiv.), and DCM were added to a round bottom 
flask equipped with a magnetic stir bar. The solution was sparged with dinitrogen and 
DIPEA (2.2 equiv.) was added via syringe while stirring. The reaction was stirred at room 
temp. for 18 h. After the reaction was complete, the reaction was quenched with aqueous 
sodium bicarbonate in a separatory funnel. The aqueous layer was extracted three times 
with DCM (100 mL) and the combined organic layers were washed with 10% aqueous 
citric acid followed by concentrated aqueous sodium chloride. The organic layer was dried 
over sodium sulfate, filtered, and concentrated. Purification was performed using reversed-
phase column chromatography by using a gradient of 100% water to 100% acetonitrile. 
 
Boc-Asp(OPh)-Ala-OtBu. Following the general procedure above, a mixture of 
Boc-Asp(OLi)-Ala-OtBu (5.5 mmol), phenol (5.5 mmol), EDC•HCl (6.05 mmol), 



















Boc-Asp(OPh)-Pro-OtBu. Following the general procedure above, a mixture of 
Boc-Asp(OLi)-Pro-OtBu (5.8 mmol), phenol (5.8 mmol), EDC•HCl (6.4 mmol), 
HOBt•H2O (6.4 mmol), DIPEA (12.8 mmol), and DCM (30 mL) were stirred at room temp. 
 
The following procedure was used for the synthesis of Boc-L-Asp(OPh)-L-Pro-NMe2: 
 
Boc-Pro-NMe2. Boc-Pro (6.0 mmol), Me2NH•HCl (6.0 mmol), EDC•HCl (6.6 
mmol), HOBt•H2O (6.6 mmol), and DCM (10 mL) were added to a round bottom flask 
equipped with a magnetic stir bar. The solution was sparged with nitrogen and DIPEA 
(13.2 mmol) was added via syringe while stirring. The reactions were stirred at room temp. 
for 18 h. After the reaction was complete, the reaction was quenched with aqueous sodium 
bicarbonate in a separatory funnel. The aqueous layer was extracted three times with DCM 
(50 mL) and the combined organic layers were washed with 10% aqueous citric acid 
followed by concentrated aqueous sodium chloride. The organic layer was dried over 
sodium sulfate, filtered, and concentrated.   
 
NH3Cl-Pro-NMe2. Me2N-Pro-Boc (6.0 mmol) and 4 M HCl in dioxane (6 mL) were 
added to a 100-mL round bottom flask equipped with a magnetic stir bar. The reaction was 
stirred at room temp. for 2 h. Nitrogen was bubbled through the solution and residual 











 Boc-Asp(OMe)-Pro-NMe2. NH3Cl-Pro-Me2N (6.0 mmol), Boc-Asp(OMe) (6.0 
mmol), EDC•HCl (6.6 mmol), HOBt•H2O (6.6 mmol), and DCM (10 mL) were added to 
a round bottom flask equipped with a magnetic stir bar. The solution was sparged with 
nitrogen and DIPEA (13.2 mmol) was added via syringe while stirring. The reactions were 
stirred at room temp. for 18 h. After the reaction was complete, the reaction was quenched 
with aqueous sodium bicarbonate in a separatory funnel. The aqueous layer was extracted 
three times with DCM (50 mL) and the combined organic layers were washed with 10% 
aqueous citric acid followed by concentrated aqueous sodium chloride. The organic layer 
was dried over sodium sulfate, filtered, and concentrated. 
 
Boc-Asp(OLi)-Pro-NMe2. Boc-Asp(OMe)-Pro-NMe2 (6 mmol) and MeOH/H2O 
(0.5 M, 1:1) were added to a round bottom flask equipped with a magnetic stir bar and 
cooled to 0 °C. LiOH (13.2 mmol) was added, the reaction was warmed to room temp. and 



















Boc-Asp(OPh)-Pro-NMe2. Boc-Asp(OLi)-Pro-NMe2 (6.0 mmol), PhOH (6.0 
mmol), EDC•HCl (6.6 mmol), HOBt•H2O (6.6 mmol), and DCM (30 mL) were added to 
a round bottom flask equipped with a magnetic stir bar. The solution was sparged with 
nitrogen and DIPEA (13.2 mmol) was added via syringe while stirring. The reactions were 
stirred at room temp. for 18 h. After the reaction was complete, the reaction was quenched 
with aqueous sodium bicarbonate in a separatory funnel. The aqueous layer was extracted 
three times with DCM (50 mL) and the combined organic layers were washed with 10% 
aqueous citric acid followed by concentrated aqueous sodium chloride. The organic layer 
was dried over sodium sulfate, filtered, and concentrated. Purification was performed using 
reversed-phase column chromatography by using a gradient of 100% water to 100% 
acetonitrile to provide a yield of 150.3 mg (6%). LCMS (ESI+) 456 [M+Na]+; calculated 
for [C22H31N3O6Na] = 456.2111. 
 
Synthesis of Boc-L-Ser(OtBu)-L-Ala-L-Asp(OPh)-OtBu tripeptide: 
 
The following procedure was used for Boc deprotection: Boc-Ala-Asp(OPh)-OtBu 
(2.08 mmol) and 4 M HCl in dioxane (1 mL) were added to a 100-mL round bottom flask 

















was bubbled through the solution and residual solvent was removed in vacuo for 18 h. The 
product was used without further purification.  
 
The following procedure was used for the synthesis of dipeptide Boc-Phe-
Glu(OPh)-OMe: HCl•H2N-Ala-Asp(OPh)-OtBu (2.08 mmol), Boc-Ser(OtBu) (2.08 
mmol), EDC•HCl (2.29 mmol), HOBt•H2O (2.29 mmol), and DCM (10 mL) were added 
to a round bottom flask equipped with a magnetic stir bar. The solution was sparged with 
nitrogen and DIPEA (4.58 mmol) was added via syringe while stirring. The reactions were 
stirred at room temp. for 18 h. After the reaction was complete, the reaction was quenched 
with aqueous sodium bicarbonate in a separatory funnel. The aqueous layer was extracted 
three times with DCM (50 mL) and the combined organic layers were washed with 10% 
aqueous citric acid followed by concentrated aqueous sodium chloride. The organic layer 
was dried over sodium sulfate, filtered, and concentrated. Purification was performed using 
reversed-phase column chromatography by using a gradient of 100% water to 100% 
acetonitrile to provide a yield of 36.3 mg (3%). LCMS (ESI+) 602 [M+Na]+; calculated for 
[C29H45N3O9Na] = 602.3053. 
 
Optimization of Pd-catalyzed Suzuki-Miyaura reaction of aryl ester derivatives of aspartic 
acid with 4-methoxyphenylboronic acid (Table 3.01 and Figure 3.03): 
The following general procedure was used for reaction optimization of Boc-












indicated in the table below: Boc-Asp(OPh)-OtBu (20 mg, 0.0547 mmol), 4-
methoxyphenylboronic acid (0.219 mmol), K2CO3 (0.241 mmol), and (η3-1-tBu-
indenyl)Pd(IPr)(Cl) (0.00547 mmol) were added to a 1 dram vial equipped with a stir bar. 
THF (0.5 mL) was added in a glovebox. The vial was stirred at 60 °C for 4 h. At this time, 
the vial was opened to air, a 1,2,4,5-tetramethyl benzene standard was added, and the 
reaction mixture was filtered. LCMS yield was determined based on a calibration curve 
against the standard. Note: due to the low solubility of K2CO3, it was finely ground with a 
mortar and pestle prior to use. 
The following general procedure was used for comparison of Boc-Asp(OAr)-OtBu 
and 4-methoxyphenylboronic acid: Boc-Asp(OAr)-OtBu (0.0547 mmol), 4-
methoxyphenylboronic acid (0.219 mmol), K2CO3 (0.241 mmol), and (η3-1-tBu-
indenyl)Pd(IPr)(Cl) (0.00137 mmol) were added to a 1 dram vial equipped with a stir bar. 
THF (0.5 mL) was added in a glovebox. The vial was stirred at 60 °C for 4 h. At this time, 
the vial was opened to air, a 1,2,4,5-tetramethyl benzene standard was added, and the 
reaction mixture was filtered. LCMS yield was determined based on a calibration curve 
against the standard.  
 
Chiral HPLC data for stereochemistry assignment (Figure 3.04) 
The following procedure was used to synthesize racemic Boc-Asp(4-MeO-Ph)-
OtBu: Boc-L/D-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 4-methoxyphenyl boronic acid 
(60.8 mg, 0.4 mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 
mg, 0.01 mmol) were added to a 1 dram vial equipped with a magnetic stir bar. THF (1 
mL) was added in a glovebox. The vial was stirred at 60 °C for 4 h. At this time, the vial 
	 105	
was opened to air and the crude mixture was filtered and concentrated. Purification was 
performed using reversed-phase column chromatography by using a gradient of 100% 
water to 100% acetonitrile. A second column was performed using normal phase column 
chromatography by using a gradient of 100% hexanes to 100% ethyl acetate. Chiral HPLC 
conditions: Chiralpak IG column, 1.0 mL/min, 50% EtOH/Hexanes. 
 
Substrate scope for Pd-catalyzed Suzuki-Miyaura reactions of phenyl ester derivatives of 
amino acids and dipeptides (Figure 3.05) 
The following general procedure was used to determine the substrate scope for the 
reaction between Boc-Asp(OPh)-OtBu and ArB(OH)2 unless otherwise stated: Boc-
Asp(OPh)-OtBu (0.1 mmol), boronic acid (0.4 mmol), K2CO3 (0.44 mmol), and (η3-1-tBu-
indenyl)Pd(IPr)(Cl) (0.01 mmol) were added to a 1 dram vial equipped with a magnetic 
stir bar. THF (1 mL) was added in a glovebox. The vial was stirred at 60 °C for 4 h. At this 
time, the vial was opened to air and the crude mixture was filtered and concentrated. 
Purification was performed using reversed-phase column chromatography by using a 
gradient of 100% water to 100% acetonitrile to provide the yield. The yield is the average 
of two runs. Note: due to the low solubility of K2CO3, it was finely ground with a mortar 





Boc-Asp(4-MeO-Ph)-OtBu (5a). Following the general procedure above, a mixture 
of Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 4-methoxyphenyl boronic acid (60.8 mg, 0.4 
mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 
mmol) in THF (1.0 mL) were stirred at 60 °C for 4 h. Following the reversed-phase column 
chromatography, a normal phase column chromatography using 100% hexane to 100% 
ethyl acetate was performed. The average of two runs provided a yield of 81% (30.7 mg). 
1H NMR (CDCl3, 600 MHz): 7.91 (d, J = 8.24 Hz, 2 H), 6.92 (d, J = 8.24 Hz, 2 H), 5.60 
(d, J = 8.22 Hz, 1 H), 4.52 (m, 1 H), 3.86 (s, 3 H), 3.60 (d, J = 17. 46 Hz, 1 H), 3.40 (d, J = 
20.51 Hz, 1 H), 1.42 and 1.41 (two overlapping s, 18 H) ppm. 13C{1H} NMR (CDCl3, 151 
MHz): 196.44, 171.26, 170.66, 163.91, 155.82, 130.53, 129.64, 113.94, 82.03, 79.75, 
60.51, 55.62, 50.49, 40.73, 28.46, 27.99, 21.17, 14.32 ppm. HRMS (ESI+): 380.2068 
[M+H]+. Calcd for [C20H30NO6]: 380.2068. IR (FT-ATR, cm-1): 3376.6, 2977.2, 2933.3, 
1714.8, 1675.7. [α]D20.0 = +30.42 (c = 1). 
 
Boc-Asp(2-MeO-Ph)-OtBu (5b). Following the general procedure above, a mixture 












mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 
mmol) in THF (1.0 mL) were stirred at 60 °C for 4 h. The average of two runs provided a 
yield of 78% (29.5 mg). 1H NMR (CDCl3, 400 MHz): 7.76 (d, J = 7.57 Hz, 1 H), 7.48 (t, J 
= 8.50 Hz, 1 H), 7.01-6.95 (m, 2 H), 5.56 (d, J = 8.79 Hz, 1 H), 4.48 (m, 1 H), 3.91 (s, 3 
H), 3.57 (dd, J = 18.56, 69.89 Hz, 2 H), 1.43 (s, 18 H) ppm. 13C{1H} NMR (CDCl3, 101 
MHz): 199.23, 171.01, 159.34, 155.89, 134.41, 130.72, 120.78, 111.75, 81.76, 79.62, 
55.61, 50.66, 46.67, 28.50, 28.04 ppm. HRMS (ESI+): 380.2072 [M+H]+. Calcd for 
[C20H30NO6]: 380.2068. IR (FT-ATR, cm-1): 3389.9, 2976.7, 2932.9, 1714.0, 1669.5. 
[α]D20.0 = +21.02 (c = 1). 
 
Boc-Asp(4-Et-Ph)-OtBu (5c). Following the general procedure above, a mixture of 
Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 4-ethylphenyl boronic acid (60.0 mg, 0.4 
mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 
mmol) in THF (1.0 mL) were stirred at 60 °C for 4 h. The average of two runs provided a 
yield of 88% (33.3 mg). 1H NMR (CDCl3, 400 MHz): 7.86 (d, J = 8.25 Hz, 2 H), 7.29 (d, 
J = 8.24 Hz, 2 H), 5.59 (d, J = 8.48 Hz, 1 H), 4.54 (m, 1 H), 3.55 (ddd, J = 4.2, 17.80, 73.91 
Hz, 2 H), 2.71 (quartet, J = 7.61 Hz, 2 H), 1.42 (overlapping s, 18 H), 1.25 (t, J = 7.61 Hz, 
3 H) ppm. 13C{1H} NMR (CDCl3, 101 MHz): 197.63, 170.64, 150.69, 134.29, 128.48, 







378.2277 [M+H]+. Calcd for [C21H32NO5]: 378.2275. IR (FT-ATR, cm-1): 3355.6, 2975.3, 
2932.8, 1713.2, 1681.7. [α]D20.0 = +29.58 (c = 1). 
 
Boc-Asp(2-Et-Ph)-OtBu (5d). Following the general procedure above, a mixture of 
Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 2-ethylphenyl boronic acid (60.0 mg, 0.4 
mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 
mmol) in THF (1.0 mL) were stirred at 60 °C for 4 h. The average of two runs provided a 
yield of 66% (24.9 mg). 1H NMR (CDCl3, 400 MHz): 7.60 (d, J = 7.61 Hz, 1 H), 7.43 (t, J 
= 7.52 Hz, 1 H), 7.31-7.28 (overlapping with CDCl3, 2 H), 5.64 (d, J = 8.25 Hz, 1 H), 4.51 
(m, 1 H), 3.52 (dd, J = 18.18, 57.41 Hz, 2 H), 2.86 (quartet, J = 7.16 Hz, 2 H), 1.48 and 
1.46 (overlapping s, 18 H), 1.21 (t, J = 7.33 Hz, 3 H) ppm. 13C{1H} NMR (CDCl3, 101 
MHz): 202.35, 170.67, 155.86, 144.49, 137.11, 131.88, 130.65, 128.71, 125.87, 82.13, 
79.81, 50.59, 44.03, 28.49, 28.03, 27.11, 16.12 ppm. HRMS (ESI+): 378.2298 [M+H]+. 
Calcd for [C21H32NO5]: 378.2280. IR (FT-ATR, cm-1): 3352.7, 2976.8, 2932.6, 1715.9. 
[α]D20.0 = +32.43 (c = 0.867). 
 
Boc-Asp(Ph)-OtBu (5e). Following the general procedure above, a mixture of Boc-











(60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 mmol) in THF (1.0 
mL) were stirred at 60 °C for 4 h. Following the reversed-phase column chromatography, 
the product was dissolved in 1 mL DCM and stirred vigorously with 3 mL 3M aqueous 
KOH. The aqueous layer was extracted three times with DCM and the combined organic 
layers were washed with aqueous NH4Cl followed by concentrated aqueous sodium 
chloride. The organic layer was dried over sodium sulfate, filtered, and concentrated. The 
average of two runs provided a yield of 36% (12.5 mg). 1H NMR (CDCl3, 400 MHz): 7.94 
(d, J = 7.8 Hz, 2 H), 7.58 (t, J = 7.26 Hz, 1 H), 7.47 (t, J = 7.52 Hz, 2 H), 5.58 (d, J = 8.15 
Hz, 1 H), 4.55 (m, 1 H), 3.56 (dd, J = 17.71, 72.26 Hz, 2 H), 1.42 (s, 18 H) ppm. 13C{1H} 
NMR (CDCl3, 101 MHz): 170.57, 136.51, 133.66, 128.84, 128.25, 121.57, 82.20, 79.86, 
50.42, 41.16, 28.48, 28.01 ppm. HRMS (ESI+): 350.1981 [M+H]+. Calcd for [C19H28NO5]: 
350.1967. IR (FT-ATR, cm-1): 3343.4, 2977.9, 2930.6, 1716.3, 1687.9. [α]D20.0 = +26.58 
(c = 1). 
 
Boc-Asp(4-F-Ph)-OtBu (5f). Following the general procedure above, a mixture of 
Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 4-fluorophenyl boronic acid (56.0 mg, 0.4 
mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 
mmol) in THF (1.0 mL) were stirred at 60 °C for 4 h. The average of two runs provided a 
yield of 78% (28.7 mg). 1H NMR (CDCl3, 400 MHz): 7.97 (m, 2 H), 7.14 (t, J = 7.53 Hz, 







(br. s, 18 H) ppm. 13C{1H} NMR (CDCl3, 101 MHz): 196.41, 170.46, 164.85, 155.77, 
132.99, 130.98, 130.89, 116.08, 115.86, 115.10, 82.28, 79.92, 50.45, 41.07, 28.47, 28.00 
ppm. 19F (376 MHz): -104.43 ppm. HRMS (ESI+): 368.1882 [M+H]+. Calcd for 
[C19H26FNO5]: 368.1873. IR (FT-ATR, cm-1): 3364.4, 2978.4, 2932.8, 1715.5, 1688.8. 
[α]D20.0 = +24.46 (c = 1). 
 
Boc-Asp(1-naphthyl)-OtBu (5g). Following the general procedure above, a mixture 
of Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 1-naphthyl boronic acid (68.8 mg, 0.4 
mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 
mmol) in THF (0.98 mL) and H2O (0.02 mL) were stirred at 60 °C for 4 h. The average of 
two runs provided a yield of 43% (17.2 mg). 1H NMR (CDCl3, 400 MHz): 8.68 (d, J = 8.49 
Hz, 1 H), 8.03 (d, J = 8.2 Hz, 1 H), 7.94 (d, J = 7.14 Hz, 1 H), 7.89 (d, J = 8.1 Hz, 1 H), 
7.61-7.49 (m, 3 H), 5.69 (d, J = 8.32 Hz, 1 H), 4.61 (m, 1 H), 3.68 (dd, J = 17.91, 67.50 
Hz, 2 H), 1.47 and 1.45 (overlapping s, 18 H) ppm. 13C{1H} NMR (CDCl3, 151 MHz): 
201.94, 170.69, 155.88, 134.65, 134.10, 133.51, 130.28, 128.64, 128.61, 128.29, 126.68, 
125.88, 124.50, 82.25, 79.89, 50.81, 44.01, 28.49, 28.07 ppm. HRMS (ESI+): 400.2125 
[M+H]+. Calcd for [C23H30NO5]: 400.2118. IR (FT-ATR, cm-1): 3368.0, 2977.4, 2931.2, 







Boc-Asp(2-naphthyl)-OtBu (5h). Following the general procedure above, a mixture 
of Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 2-naphthyl boronic acid (68.8 mg, 0.4 
mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 
mmol) in THF (1 mL) were stirred at 60 °C for 4 h. The average of two runs provided a 
yield of 41% (16.4 mg). 1H NMR (CDCl3, 600 MHz): 8.48 (s, 1 H), 8.00 (d, J = 8.59 H, 1 
H), 7.96 (d, J = 8.12 Hz, 1 H), 7.89 (m, 2 H), 7.62 (t, J = 7.58 Hz, 1 H), 7.57 (t, J = 7.83 
Hz, 1 H), 5.63 (d, J = 8.35 Hz, 1 H), 4.60 (m, 1 H), 3.71 (ddd, J = 4.16, 17.58, 103.04 Hz, 
1.43 (s, 18 H) ppm. 13C{1H} NMR (CDCl3, 151 MHz): 197.74, 170.40, 155.64, 135.69, 
133.65, 132.39, 130.03, 129.58, 128.63, 128.50, 127.73, 126.84, 123.51, 82.01, 79.67, 
50.35, 40.99, 28.28, 27.83 ppm. HRMS (ESI+): 400.2126 [M+H]+. Calcd for [C23H30NO5]: 
400.2118. IR (FT-ATR, cm-1): 3378.1, 2977.1, 2930.6, 1713.0, 1680.8. [α]D20.0 = +23.44 
(c = 1). 
 
Boc-Asp(3-furyl)-OtBu (5i). Following the general procedure above, a mixture of 
Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 3-furyl boronic acid (44.8 mg, 0.4 mmol), 











THF (1 mL) were stirred at 60 °C for 4 h. The average of two runs provided a yield of 72% 
(24.4 mg). 1H NMR (CDCl3, 600 MHz): 8.06 (s, 1 H), 7.43 (s, 1 H), 6.75 (s, 1 H), 5.53 (br. 
m, 1 H), 4.47 (br. m, 1 H), 3.32 (dd, J = 17.06, 94.00 Hz, 2 H), 1.42 (s, 18 H) ppm. 13C{1H} 
NMR (CDCl3, 151 MHz): 192.74, 170.53, 155.90, 148.01, 144.68, 127.70, 108.74, 82.55, 
80.11, 50.76, 42.75, 28.65, 28.19 ppm. HRMS (ESI+): 340.1761 [M+H]+. Calcd for 
[C17H26NO6]: 340.1760. IR (FT-ATR, cm-1): 3363.4, 2978.3, 2932.4, 1713.7, 1679.4. 
[α]D20.0 = +15.34 (c = 1). 
 
Boc-Asp(3-thioenyl)-OtBu (5j). Following the general procedure above, a mixture 
of Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 3-thioenyl boronic acid (51.2 mg, 0.4 mmol), 
K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 mmol) in 
THF (1 mL) were stirred at 60 °C for 4 h. The average of two runs provided a yield of 54% 
(19.1 mg). 1H NMR (CDCl3, 600 MHz): 8.09 (s, 1 H), 7.53 (s, 1 H), 7.32 (s, 1 H), 5.56 (d, 
J = 8.1 Hz, 1 H), 4.51 (m, 1 H), 3.47 (dd, J = 21.4, 102.33 Hz, 2 H), 1.42 (s, 18 H) ppm. 
13C{1H} NMR (CDCl3, 151 MHz): 192.38, 170.66, 155.96, 142.05, 132.96, 127.09, 
126.91, 82.49, 80.09, 50.77, 42.41, 28.68, 28.21 ppm. HRMS (ESI+): 356.1525 [M+H]+. 
Calcd for [C17H26NO5S]: 356.1526. IR (FT-ATR, cm-1): 3371.0, 2977.4, 2931.8, 1714.2, 








Boc-Asp(2-thioenyl)-OtBu (5k). Following the general procedure above, a mixture 
of Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 2-thioenyl boronic acid (51.2 mg, 0.4 mmol), 
K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 mmol) in 
THF (1 mL) were stirred at 60 °C for 4 h. The average of two runs provided a yield of 17% 
(6.0 mg). 1H NMR (CDCl3, 400 MHz): 7.75 (d, J = 3.4 Hz, 1 H), 7.67 (d, J = 4.92 Hz, 1 
H), 7.14 (t, J = 4.62 Hz, 1 H), 5.56 (d, J = 8.00 Hz, 1 H), 4.55 (m, 1 H), 3.50 (ddd, J = 4.06, 
17.23, 64.09 Hz, 2 H), 1.43 (s, 18 H) ppm. 13C{1H} NMR (CDCl3, 151 MHz): 190.77, 
170.30, 155.73, 143.72, 134.28, 132.70, 128.39, 82.38, 79.91, 50.67, 41.63, 28.47, 28.00 
ppm. HRMS (ESI+): [M+H]+. Calcd for [C17H26NO5S]: 356.1526. IR (FT-ATR, cm-1): 
3374.6, 2977.5, 2930.8, 1716.2, 1662.4. [α]D20.0 = +10.62 (c = 0.529). 
 
Boc-Asp(4-CF3-Ph)-OtBu (5l). Following the general procedure above, a mixture 
of Boc-Asp(OPh)-OtBu (36.5 mg, 0.1 mmol), 4-trifluoromethylphenyl boronic acid (76.0 
mg, 0.4 mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 
0.01 mmol) in THF (1 mL) were stirred at 60 °C for 4 h. Following the reversed-phase 












100% ethyl acetate was performed. The average of two runs provided a yield of 14% (5.8 
mg). 1H NMR (CDCl3, 400 MHz): 8.05 (d, J = 8.01 Hz, 2 H), 7.74 (d, J = 7.79 Hz, 2 H), 
5.55 (br. m, 1 H), 4.57 (br. m, 1 H), 3.58 (dd, J = 19.62, 55.06 Hz, 2 H), 1.43 (s, 18 H) 
ppm. 13C{1H} NMR (CDCl3, 151 MHz): 197.13, 170.27, 155.74, 139.09, 135.25-134.60 
(q), 128.62, 125.96, 125.02-122.12 (q), 82.52, 80.07, 50.43, 41.51, 28.47, 28.01, 1.18 ppm. 
19F (376 MHz): -63.22 ppm. HRMS (ESI+): 440.1688 [M+Na]+. Calcd for 
[C20H26F3NO5Na]: 440.1661. IR (FT-ATR, cm-1): 3367.8, 2979.1, 2932.0, 1693.4. [α]D20.0 
= +12.33 (c = 0.386). 
 
The substrates below were not compatible with the cross-coupling reaction 
	
 

















The following procedure was used to cross-couple Cbz-L-Asp(OPh)-OMe and 4-
methoxyphenyl boronic acid: a mixture of Cbz-Asp(OPh)-OMe (32.3 mg, 0.1 mmol), 4-
methoxyphenyl boronic acid (60.8 mg, 0.4 mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 mmol) were added to a 1 dram vial equipped with a 
magnetic stir bar. THF (1 mL) was added in a glovebox. The vial was stirred at 60 °C for 
4 h. At this time, the vial was opened to air and the crude mixture was filtered and 
concentrated. Purification was performed using reversed-phase column chromatography 
by using a gradient of 100% water to 100% acetonitrile. The average of two runs provided 
a yield of 73% (27.2 mg). 1H NMR (CDCl3, 600 MHz): 7.90 (d, J = 8.74 Hz, 2 H), 7.34-
7.31 (m, 5 H), 6.94 (d, J = 8.76 Hz, 2 H), 5.91 (d, J = 8.61 Hz, 1 H), 5.11 (s, 2 H), 4.73 (m, 
1 H), 3.87 (s, 3 H), 3.74-3.71 (m, 4 H), 5.51 (d, J = 17.91 Hz, 1 H) ppm. 13C{1H} NMR 
(CDCl3, 151 MHz): 196.18, 171.91, 164.14, 156.26, 136.34, 130.63, 129.22, 128.64, 
128.27, 128.16, 114.02, 67.15, 55.68, 52.87, 50.24, 40.58 ppm. HRMS (ESI+): 372.1458 
[M+H]+. Calcd for [C20H22NO6]: 372.1447. IR (FT-ATR, cm-1): 3350.1, 2952.6, 1719.0, 








The following procedure was used to cross-couple Boc-L-Glu(OPh)-OMe and 4-
methoxyphenyl boronic acid: a mixture of Boc-Glu(OPh)-OMe (33.7 mg, 0.1 mmol), 4-
methoxyphenyl boronic acid (60.8 mg, 0.4 mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (7 mg, 0.01 mmol) were added to a 1 dram vial equipped with a 
magnetic stir bar. THF (1 mL) was added in a glovebox. The vial was stirred at 60 °C for 
4 h. At this time, the vial was opened to air and the crude mixture was filtered and 
concentrated. Purification was performed using reversed-phase column chromatography 
by using a gradient of 100% water to 100% acetonitrile. A yield of 6% (2.0 mg) was 
obtained. 1H NMR (CDCl3, 500 MHz): 7.92 (d, J = 8.40 Hz, 2 H), 6.92 (d, J = 8.47 Hz, 2 
H), 5.14 (m, 1 H), 4.35 (m, 1 H), 3.87 (s, 3 H), 3.74 (s, 3 H), 3.06-3.00 (m, 2 H), 2.27 (m, 
1 H), 2.06 (m, 1 H), 1.42 (s, 9 H) ppm. 
 
Boc-pyroglutamic acid-OMe. 91% (22.0 mg). 1H NMR (CDCl3, 600 MHz): 3.77 
(dd, J = 2.96, 9.48 Hz, 1 H), 3.77 (s, 3 H), 2.65-2.59 (m, 1 H), 2.51-2.46 (m, 1 H), 2.35-
2.28 (m, 1 H), 2.05-2.00 (m, 1 H), 1.48 (s, 9 H) ppm. 13C{1H} NMR (CDCl3, 151 MHz): 
173.58, 172.17, 149.60, 83.98, 59.16, 52.90, 31.49, 28.22, 21.83 ppm. 1H and 13C NMR 

















The following procedure was used for the reaction between Boc-L-Phe-L-
Glu(OPh)-OMe and (1-naphthyl) boronic acid:  
 
Boc-L-Phe-L-Glu(1-Np)-OMe. A mixture of Boc-Phe-Glu(OPh)-OMe (100 mg, 










mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (7.2 mg, 0.0103 mmol) in THF (4 mL) and H2O 
(1 mL) were stirred at 60 °C for 16 h. Following the reversed-phase column 
chromatography, a normal phase column chromatography using 100% hexane to 100% 
ethyl acetate was performed. The average of two runs provided a yield of 20% mixture of 
product and naphthalene (21.8 mg) of ~15% product. 1H NMR (CDCl3, 400 MHz): 8.59 
(d, J = 8.47 Hz, 1H), 8.00 (d, J = 8.21 Hz, 1H), 7.86 (t, J = 7.28 Hz, 2H), 7.60-7.46 (m, 
3H), 7.23-7.12 (m, 5H), 6.62 (d, J = 7.53 Hz, 1H), 4.95 (br. m, 1H), 4.67 (q, J = 5.14 Hz, 
1H), 4.37-4.34 (m, 1H), 3.72 (s, 3H), 3.16-2.98 (m, 4H), 2.37 (sextet, J = 6.08, 1H), 2.14-
2.09 (m obstructed by solvent, 1H), 1.36 (s, 9H) ppm. 
 
Boc-Phe-pyroglutamic acid-OMe. 41% (32.6 mg). 1H NMR (CDCl3, 400 MHz): 
7.29-7.19 (m, 5H), 5.60 (td, J = 8.99, 3.6 Hz, 1H), 4.92 (d, J = 8.38 Hz, 1H), 4.84 (dd, J = 
9.46, 2.71 Hz, 1H), 3.77 (s, 3H), 3.32 (dd, J = 14.03, 3.03 Hz, 1H), 2.78-2.58 (m, 3H), 2.40 
(quintet, 1H), 2.14-2.08 (m obstructed by solvent, 1H), 1.31 (s, 9H) ppm. 
 
The following general procedure was used to determine the substrate scope for the 
reaction between Boc-L-Xaa-L-Asp(OPh)-OtBu and 4-methoxyphenylboronic acid unless 
otherwise stated: dipeptide (0.1 mmol), 4-methoxyphenylboronic acid (0.4 mmol), K2CO3 
(0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (0.02 mmol) were added to a 1 dram vial 
equipped with a magnetic stir bar. THF (1 mL) was added in a glovebox. The vial was 
stirred at 60 °C for 16 h. At this time, the vial was opened to air and the crude mixture was 
filtered and concentrated. Purification was performed using reversed-phase column 
chromatography by using a gradient of 100% water to 100% acetonitrile. The average of 
two runs provided the yield. Note: due to the low solubility of K2CO3, it was finely ground 








Boc-Ala-Asp(4-MeO-Ph)-OtBu (7a). Following the general procedure above, a 
mixture of Boc-Ala-Asp(OPh)-OtBu (43.7 mg, 0.1 mmol), 4-methoxyphenylboronic acid 
(60.8 mg, 0.4 mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) 
(14.0 mg, 0.02 mmol) in THF (1 mL) were stirred at 60 °C for 16 h. The average of two 
runs provided a yield of 84% (38.0 mg). 1H NMR (CDCl3, 400 MHz): 7.90 (d, J = 8.55 Hz, 
2 H), 6.94 (comp, 3 H), 5.04 (m, 1H), 4.81 (m, 1 H), 4.16 (m, 1 H), 3.87 (s, 3 H), 3.54 (dd, 
J = 17.73, 90.95 Hz, 2 H), 1.42-1.36 (comp, 21 H) ppm. 13C{1H} NMR (CDCl3, 126 MHz): 
205.46, 196.31, 172.44, 169.95, 164.02, 155.27, 130.59, 129.46, 113.98, 82.40, 79.97, 
77.41, 55.65, 50.19, 49.12, 40.24, 28.42, 27.99, 19.11ppm. HRMS (ESI+): 451.2441 
[M+H]+. Calcd for [C23H35N2O7]: 451.2444. IR (FT-ATR, cm-1): 3321.0, 2977.2, 2933.5, 
1715.3, 1675.4. [α]D20.0 = +26.28 (c = 1). 
 
Boc-Val-Asp(4-MeO-Ph)-OtBu (7b). Following the general procedure above, a 
mixture of Boc-Val-Asp(OPh)-OtBu (46.5 mg, 0.1 mmol), 4-methoxyphenylboronic acid 
















(14.0 mg, 0.02 mmol) in THF (1 mL) were stirred at 60 °C for 16 h. Following the reversed-
phase column chromatography, a normal phase column chromatography using 100% 
hexane to 100% ethyl acetate was performed. The average of two runs provided a yield of 
65% (31.0 mg). 1H NMR (CDCl3, 500 MHz): 7.90 (d, J = 8.74 Hz, 2 H), 6.92 (d, J = 8.73 
Hz, 2 H), 6.85 (d, J =8.09 Hz, 1 H), 5.09 (br. d, J = 8.29 Hz 1 H), 4.86 (m, 1 H), 3.98 (m, 
1 H), 3.87 (s, 3 H), 3. 66 (dd, J = 3.97, 17.76 Hz, 1 H), 3.40 (br. d, J = 17.65 Hz, 1 H), 1.42 
and 1.40 (overlapping s, 18 H), 0.98 (d, J = 6.81 Hz, 3 H), 0.88 (d, J = 6.83 Hz, 3 H) ppm. 
13C{1H} NMR (CDCl3, 126 MHz): 196.44, 171.18, 169.93, 164.05, 155.81, 130.59, 
129.45, 114.00, 82.46, 79.82, 59.67, 55.66, 49.06, 40.36, 31.62, 28.43, 28.02, 19.36, 17.64 
ppm. HRMS (ESI+): 479.2764 [M+H]+. Calcd for [C25H39N2O7]: 479.2757. IR (FT-ATR, 
cm-1): 3325.5, 2974.9, 2933.4, 1714.5, 1675.5. [α]D20.0 = +30.08 (c = 1). 
 
Boc-Pro-Asp(4-MeO-Ph)-OtBu (7c). Following the general procedure above, a 
mixture of Boc-Pro-Asp(OPh)-OtBu (46.5 mg, 0.1 mmol), 4-methoxyphenylboronic acid 
(60.8 mg, 0.4 mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) 
(14.0 mg, 0.02 mmol) in THF (1 mL) were stirred at 60 °C for 16 h. Following the reversed-
phase column chromatography, a normal phase column chromatography using 100% 
hexane to 100% ethyl acetate was performed. The average of two runs provided a yield of 
65% (31.0 mg). 1H NMR (CD3OD, 500 MHz, mixture of conformers): 7.90 (d, J = 8.14 










(m, 4 H), 2.03-1.78 (comp, 5 H), 1.41 (s, 18 H) ppm. 13C{1H} NMR (CD3OD, 126 MHz, 
mixture of conformers): 173.04, 172.49, 169.52, 155.76, 154.82, 150.67, 129.78, 126.28, 
121.80, 121.66, 83.34, 83.09, 80.95, 80.64, 77.16, 61.44, 60.49, 49.84, 49.61, 47.42, 47.25, 
37.39, 37.13, 31.41, 29.17, 28.67, 28.26, 24.82, 23.96 ppm. HRMS (ESI+): 477.2605 
[M+H]+. Calcd for [C25H37N2O7]: 477.2601. IR (FT-ATR, cm-1): 3320.7, 2976.3, 2933.0, 
1736.1, 1677.2. [α]D20.0 = -6.04 (c = 1). 
 
Boc-Phe-Asp(4-MeO-Ph)-OtBu (7d).  Following the general procedure above, a 
mixture of Boc-Phe-Asp(OPh)-OtBu (51.3 mg, 0.1 mmol), 4-methoxyphenylboronic acid 
(60.8 mg, 0.4 mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) 
(14.0 mg, 0.02 mmol) in THF (1 mL) were stirred at 60 °C for 16 h. Following the reversed-
phase column chromatography, a normal phase column chromatography using 100% 
hexane to 100% ethyl acetate was performed. The average of two runs provided a yield of 
44% (22.9 mg). 1H NMR (CDCl3, 500 MHz): 7.90 (d, J = 7.81 Hz, 2 H), 7.15 (m, 5 H), 
6.99-6.93 (comp, 3 H), 4.87 (m, 1 H), 4.74 (m, 1 H), 4.39 (m, 1H), 3.88 (s, 3 H), 3.53 (dd, 
J = 21.12, 72.46 Hz, 2 H), 3.13-3.03 (comp, 2 H), 1.41(s, 9 H), 1.35 (s, 9 H). 13C{1H} NMR 
(CDCl3, 126 MHz): 195.96, 171.03, 169.77, 163.99, 155.26, 136.44, 130.60, 129.46, 
129.44, 128.67, 127.00, 113.96, 82.45, 80.20, 55.67, 55.46, 49.33, 40.26, 38.44, 28.35, 
27.98 ppm. HRMS (ESI+): 527.2776 [M+H]+. Calcd for [C29H39N2O7]: 527.2757. IR (FT-












Boc-Ser(OtBu)-Asp(4-MeO-Ph)-OtBu (7e). Following the general procedure above, 
a mixture of Boc-Ser(OtBu)-Asp(OPh)-OtBu (50.9 mg, 0.1 mmol), 4-
methoxyphenylboronic acid (60.8 mg, 0.4 mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (14.0 mg, 0.02 mmol) in THF (1 mL) were stirred at 60 °C for 
16 h Following the reversed-phase column chromatography, a normal phase column 
chromatography using 100% hexane to 100% ethyl acetate was performed. The average of 
two runs provided a yield of 74% (38.6 mg). 1H NMR (CDCl3, 400 MHz): 7.91 (d, J = 8.84 
Hz, 2 H), 7.66 (m, 1 H), 6.92 (J = 8.85 Hz, 2 H), 5.39 (m, 1 H), 4.79 (m, 1 H), 4.16 (m, 1 
H), 3.87 (s, 3 H), 3.74 (m, 1 H), 3.58 (dd, J = 4.05, 17.57 Hz, 1 H), 3.46-3.39 (m, 2 H), 
1.45 (s, 9 H), 1.42 (s, 9 H), 1.12 (s, 9 H) ppm. 13C{1H} NMR (CDCl3, 101 MHz): 170.69, 
169.81, 163.86, 130.54, 129.61, 117.28, 113.91, 110.17, 82.13, 73.99, 62.01, 55.63, 54.50, 
49.31, 40.31, 28.47, 27.98, 27.39 ppm. HRMS (ESI+): 523.3000 [M+H]+. Calcd for 
[C27H43N2O8]: 523.3019. IR (FT-ATR, cm-1): 3326.0, 2975.3, 2932.2, 1717.5,1675.8. 











Boc-Trp-Asp(4-MeO-Ph)-OtBu (7f). Following the general procedure above, a 
mixture of Boc-Trp-Asp(OPh)-OtBu (65.1 mg, 0.1 mmol), 4-methoxyphenylboronic acid 
(60.8 mg, 0.4 mmol), K2CO3 (60.8 mg, 0.44 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) 
(14.0 mg, 0.02 mmol) in THF (1 mL) were stirred at 60 °C for 16 h. Following the reversed-
phase column chromatography, a normal phase column chromatography using 100% 
hexane to 100% ethyl acetate was performed. The average of two runs provided a yield of 
33% (22.0 mg). 1H NMR (CDCl3, 400 MHz): 8.06 (m, 1 H), 7.84 (d, J = 8.78 Hz, 2 H), 
7.56 (d, J = 7.6 Hz, 1 H), 7.45 (s, 1 H), 7.24-7.18 (m obstructed by solvent, 2 H), 6.95-6.91 
(m, 3 H), 5.07 (m, 1 H), 4.69 (m, 1 H), 4.44 (m, 1 H), 3.87 (s, 3 H), 3.45 (dd, J = 17.74, 
81.43 Hz, 2 H), 3.22-3.19 (m, 2 H), 1.64 (s, 9 H), 1.38 (s, 18 H) ppm. 13C{1H} NMR 
(CDCl3, 151 MHz): 196.00, 171.07, 169.65, 163.94, 155.27, 149.69, 135.62, 130.57, 
129.43, 124.57, 124.42, 122.63, 121.44, 119.20, 115.52, 115.33, 113.91, 83.57, 82.41, 
80.15, 55.65, 54.47, 49.31, 40.22, 28.34, 28.13, 28.03, 27.95 ppm. HRMS (ESI+): 666.3417 
[M+H]+. Calcd for [C36H48N3O9]: 666.3391. IR (FT-ATR, cm-1): 3305.6, 2977.5, 2933.5, 













The substrates below were not compatible with the cross-coupling reaction: 
 
 
The following procedure was used to synthesize Boc-Met-Asp(4-MeO-Ph)-OtBu: 
Boc-Asp(OPh)-OtBu (87.2 mg, 0.230 mmol) and 4 M HCl in dioxane (0.2 mL) were added 
to a 4-dram vial equipped with a magnetic stir bar. The reaction was stirred at room 
temperature for 2 h. Dinitrogen was bubbled through the solution and residual solvent was 
removed in vacuo overnight. The product was used as is.  
Asp(OPh)-OtBu•HCl (0.230 mmol), Boc-Met (0.230) EDC•HCl (0.253 mmol), 
HOBt•H2O (0.253 mmol), and DCM (2 mL) were added to a 100 mL round bottom flask 
equipped with a magnetic stir bar. The solution was sparged with dinitrogen and DIPEA 
(0.506 mmol) was added via syringe while stirring. The reaction was stirred at room 
temperature for 18 h. Purification was performed using reversed-phase column 
chromatography by using a gradient of 100% water to 100% acetonitrile to obtain a 53% 
(62.3 mg) yield. 1H NMR (CDCl3, 400 MHz): 7.89 (d, J = 8.74 Hz, 2 H), 7.09 (d, J = 7.9 
Hz, 1 H), 6.91 (d, J = 8.74 Hz, 2 H), 5.23 (m, 1 H), 4.82 (m, 1 H), 4.28 (m, 1 H), 3.86 (s, 























1.40 and 1.38 (overlapping s, 18 H) ppm. 13C{1H} NMR (CDCl3, 101 MHz): 196.19, 
171.21, 169.76, 164.00, 155.33, 130.56, 129.40, 113.96, 82.43, 80.02, 55.64, 53.46, 
49.09, 40.21, 32.43, 30.13, 28.38, 27.97, 15.31ppm. HRMS (ESI+): 511.2498 [M+H]+. 
Calcd for [C25H39N2O7S]: 511.2478. IR (FT-ATR, cm-1): 3306.5, 2976.7, 2930.3, 1712.8, 
1673.5. [α]D20.0 = +42.50 (c = 1). 
 
X-ray crystallography data 
 
Numbering scheme of compound mini-18010 with 50% thermal ellipsoid probability 
levels.  
 
Table 3.02.  Crystal data and structure refinement for mini-18010. 
Identification code    mini-18010 
Empirical formula    C10 H13 N O3 
Formula weight    195.21 
Temperature     93(2) K 
Wavelength     0.71073 Å 
	 126	
Crystal system    Orthorhombic 
Space group     P212121 
Unit cell dimensions   a = 6.3968(2) Å a= 90°. 
     b = 10.1569(3) Å b= 90°. 
     c = 30.1340(9) Å g = 90°. 
Volume    1957.86(10) Å3 
Z     8 
Density (calculated)   1.325 Mg/m3 
Absorption coefficient  0.098 mm-1 
F(000)     832 
Crystal size    0.400 x 0.300 x 0.100 mm3 
Crystal color and habit  colorless chunk 
Diffractometer   dtrek-CrysAlisPro-abstract goniometer imported 
rigaku-d*trek images 
Theta range for data collection 2.704 to 33.977°. 
Index ranges    -9<=h<=9, -15<=k<=15, -47<=l<=47 
Reflections collected   48243 
Independent reflections  7831 [R(int) = 0.0596] 
Observed reflections    (I > 2sigma(I)) 5867 
Completeness to theta =   25.242° 99.9 %  
Absorption correction   Semi-empirical from equivalents 
Max. and min. transmission  1.00000 and 0.91341 
Solution method   SHELXT 2014/5 (Sheldrick, 2014) 
	 127	
Refinement method   SHELXL-2018/1 (Sheldrick, 2018) 
Data / restraints / parameters  7831 / 0 / 257 
Goodness-of-fit on    F2 1.041 
Final R indices    [I>2sigma(I)] R1 = 0.0509, wR2 = 0.0973 
R indices (all data)   R1 = 0.0836, wR2 = 0.1096 
Absolute structure parameter  -0.2(3) 
Extinction coefficient   n/a 
Largest diff. peak and hole  0.323 and -0.274 e.Å-3 
Table 3.03.  Atomic coordinates (x104) and equivalent  isotropic displacement parameters 
(Å2x 103)for mini-18010.  U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 
________________________________________________________________________  
  x  y  z  U(eq) 
________________________________________________________________________  
O(2)  6643(2) 269(1)  7339(1) 25(1) 
O(6)  9090(2) 5760(1) 5956(1) 21(1) 
O(1)  6796(2) 1360(1) 7976(1) 27(1) 
O(4)  7700(2) 3371(1) 6987(1) 27(1) 
O(5)  5709(3) 5412(2) 6134(1) 35(1) 
O(3)  2500(3) 1766(2) 6380(1) 39(1) 
N(1)  4627(2) 2356(2) 6959(1) 20(1) 
N(2)  8014(2) 3763(1) 6100(1) 18(1) 
C(2)  6162(3) 1171(2) 7568(1) 18(1) 
	 128	
C(16)  7445(3) 5033(2) 6070(1) 20(1) 
C(10)  7407(3) 1178(2) 5663(1) 18(1) 
C(9)  7290(3) 1430(2) 6150(1) 18(1) 
C(17)  8871(4) 7171(2) 5867(1) 28(1) 
C(7)  6355(3) 2912(2) 6758(1) 18(1) 
C(11)  9298(3) 1198(2) 5446(1) 25(1) 
C(6)  2910(3) 1753(2) 6766(1) 28(1) 
C(3)  4640(3) 2222(2) 7436(1) 21(1) 
C(8)  6549(3) 2821(2) 6259(1) 17(1) 
C(15)  5628(3) 919(2)  5424(1) 26(1) 
C(13)  7630(4) 681(2)  4764(1) 28(1) 
C(14)  5741(4) 675(2)  4976(1) 31(1) 
C(12)  9396(4) 952(2)  4998(1) 30(1) 
C(18)  8121(5) 7865(2) 6277(1) 40(1) 
C(19)  11073(4) 7567(2) 5758(1) 38(1) 
C(5)  1715(3) 1097(3) 7128(1) 34(1) 
C(1)  8047(3) 331(2)  8166(1) 28(1) 
C(4)  2412(3) 1791(2) 7542(1) 32(1) 




 Table 3.04.   Bond lengths [Å] and angles [°] for mini-18010 
_____________________________________________________  
O(2)-C(2)   1.188(2) 
O(6)-C(16)   1.331(2) 
O(6)-C(17)   1.465(2) 
O(1)-C(2)   1.309(2) 
O(1)-C(1)   1.434(2) 
O(4)-C(7)   1.196(2) 
O(5)-C(16)   1.191(3) 
O(3)-C(6)   1.193(2) 
N(1)-C(7)   1.380(2) 
N(1)-C(6)   1.385(3) 
N(1)-C(3)   1.446(2) 
N(2)-C(16)   1.343(2) 
N(2)-C(8)   1.423(2) 
N(2)-H(2)   0.8800 
C(2)-C(3)   1.499(3) 
C(10)-C(15)   1.373(3) 
C(10)-C(11)   1.374(3) 
C(10)-C(9)   1.491(2) 
C(9)-C(8)   1.527(2) 
C(9)-H(9A)   0.9900 
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C(9)-H(9B)   0.9900 
C(17)-C(20)   1.495(3) 
C(17)-C(19)   1.500(3) 
C(17)-C(18)   1.501(3) 
C(7)-C(8)   1.512(2) 
C(11)-C(12)   1.376(3) 
C(11)-H(11)   0.9500 
C(6)-C(5)   1.489(3) 
C(3)-C(4)   1.525(3) 
C(3)-H(3)   1.0000 
C(8)-H(8)   1.0000 
C(15)-C(14)   1.372(3) 
C(15)-H(15)   0.9500 
C(13)-C(12)   1.359(3) 
C(13)-C(14)   1.367(3) 
C(13)-H(13)   0.9500 
C(14)-H(14)   0.9500 
C(12)-H(12)   0.9500 
C(18)-H(18A)  0.9800 
C(18)-H(18B)  0.9800 
C(18)-H(18C)  0.9800 
C(19)-H(19A)  0.9800 
C(19)-H(19B)  0.9800 
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C(19)-H(19C)  0.9800 
C(5)-C(4)   1.501(3) 
C(5)-H(5A)   0.9900 
C(5)-H(5B)   0.9900 
C(1)-H(1A)   0.9800 
C(1)-H(1B)   0.9800 
C(1)-H(1C)   0.9800 
C(4)-H(4A)   0.9900 
C(4)-H(4B)   0.9900 
C(20)-H(20A)  0.9800 
C(20)-H(20B)   0.9800 
C(20)-H(20C)  0.9800 
 
C(16)-O(6)-C(17)  120.94(16) 
C(2)-O(1)-C(1)  116.09(15) 
C(7)-N(1)-C(6)  129.26(16) 
C(7)-N(1)-C(3)  118.00(15) 
C(6)-N(1)-C(3)  112.33(16) 
C(16)-N(2)-C(8)  119.31(16) 
C(16)-N(2)-H(2)  120.3 
C(8)-N(2)-H(2)  120.3 
O(2)-C(2)-O(1)  125.38(17) 
O(2)-C(2)-C(3)  124.27(16) 
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O(1)-C(2)-C(3)  110.27(15) 
O(5)-C(16)-O(6)  126.87(17) 
O(5)-C(16)-N(2)  123.54(19) 
O(6)-C(16)-N(2)  109.58(17) 
C(15)-C(10)-C(11)  118.82(16) 
C(15)-C(10)-C(9)  120.55(17) 
C(11)-C(10)-C(9)  120.63(17) 
C(10)-C(9)-C(8)  112.70(14) 
C(10)-C(9)-H(9A)  109.1 
C(8)-C(9)-H(9A)  109.1 
C(10)-C(9)-H(9B)  109.1 
C(8)-C(9)-H(9B)  109.1 
H(9A)-C(9)-H(9B)  107.8 
O(6)-C(17)-C(20)  109.20(17) 
O(6)-C(17)-C(19)  102.25(18) 
C(20)-C(17)-C(19)  110.98(19) 
O(6)-C(17)-C(18)  109.90(15) 
C(20)-C(17)-C(18)  113.2(2) 
C(19)-C(17)-C(18)  110.7(2) 
O(4)-C(7)-N(1)  118.90(16) 
O(4)-C(7)-C(8)  122.52(17) 
N(1)-C(7)-C(8)  118.41(15) 
C(10)-C(11)-C(12)  120.30(19) 
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C(10)-C(11)-H(11)  119.9 
C(12)-C(11)-H(11)  119.9 
O(3)-C(6)-N(1)  125.33(19) 
O(3)-C(6)-C(5)  127.3(2) 
N(1)-C(6)-C(5)  107.34(17) 
N(1)-C(3)-C(2)  109.57(15) 
N(1)-C(3)-C(4)  103.32(15) 
C(2)-C(3)-C(4)  110.32(16) 
N(1)-C(3)-H(3)  111.1 
C(2)-C(3)-H(3)  111.1 
C(4)-C(3)-H(3)  111.1 
N(2)-C(8)-C(7)  110.40(14) 
N(2)-C(8)-C(9)  110.20(14) 
C(7)-C(8)-C(9)  107.20(13) 
N(2)-C(8)-H(8)  109.7 
C(7)-C(8)-H(8)  109.7 
C(9)-C(8)-H(8)  109.7 
C(14)-C(15)-C(10)  120.5(2) 
C(14)-C(15)-H(15)  119.8 
C(10)-C(15)-H(15)  119.8 
C(12)-C(13)-C(14)  119.62(17) 
C(12)-C(13)-H(13)  120.2 
C(14)-C(13)-H(13)  120.2 
	 134	
C(13)-C(14)-C(15)  120.3(2) 
C(13)-C(14)-H(14)  119.8 
C(15)-C(14)-H(14)  119.8 
C(13)-C(12)-C(11)  120.5(2) 
C(13)-C(12)-H(12)  119.8 
C(11)-C(12)-H(12)  119.8 
C(17)-C(18)-H(18A)  109.5 
C(17)-C(18)-H(18B)  109.5 
H(18A)-C(18)-H(18B) 109.5 
C(17)-C(18)-H(18C)  109.5 
H(18A)-C(18)-H(18C) 109.5 
H(18B)-C(18)-H(18C) 109.5 
C(17)-C(19)-H(19A)  109.5 
C(17)-C(19)-H(19B)  109.5 
H(19A)-C(19)-H(19B) 109.5 
C(17)-C(19)-H(19C)  109.5 
H(19A)-C(19)-H(19C) 109.5 
H(19B)-C(19)-H(19C) 109.5 
C(6)-C(5)-C(4)  104.31(18) 
C(6)-C(5)-H(5A)  110.9 
C(4)-C(5)-H(5A)  110.9 
C(6)-C(5)-H(5B)  110.9 
C(4)-C(5)-H(5B)  110.9 
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H(5A)-C(5)-H(5B)  108.9 
O(1)-C(1)-H(1A)  109.5 
O(1)-C(1)-H(1B)  109.5 
H(1A)-C(1)-H(1B)  109.5 
O(1)-C(1)-H(1C)  109.5 
H(1A)-C(1)-H(1C)  109.5 
H(1B)-C(1)-H(1C)  109.5 
C(5)-C(4)-C(3)  103.77(16) 
C(5)-C(4)-H(4A)  111.0 
C(3)-C(4)-H(4A)  111.0 
C(5)-C(4)-H(4B)  111.0 
C(3)-C(4)-H(4B)  111.0 
H(4A)-C(4)-H(4B)  109.0 
C(17)-C(20)-H(20A)  109.5 
C(17)-C(20)-H(20B)  109.5 
H(20A)-C(20)-H(20B) 109.5 






 Table 3.05.   Anisotropic displacement parameters (Å2x 103) for Final.  The anisotropic 
displacement factor exponent takes the form:  -2p2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
________________________________________________________________________  
O(2) 28(1)  22(1) 24(1)  -2(1) -1(1)  2(1) 
O(6) 30(1)  15(1) 18(1)  2(1) 1(1)  -1(1) 
O(1) 36(1)  25(1) 18(1)  1(1) -7(1)  3(1) 
O(4) 32(1)  28(1) 20(1)  0(1) -4(1)  -8(1) 
O(5) 30(1)  25(1) 50(1)  5(1) 8(1)  8(1) 
O(3) 22(1)  72(1) 23(1)  6(1) -3(1)  -13(1) 
N(1) 19(1)  25(1) 15(1)  2(1) 1(1)  2(1) 
N(2) 19(1)  16(1) 20(1)  1(1) 3(1)  2(1) 
C(2) 17(1)  21(1) 18(1)  3(1) 1(1)  -4(1) 
C(16) 28(1)  18(1) 14(1)  1(1) 0(1)  3(1) 
C(10) 20(1)  16(1) 18(1)  1(1) -1(1)  1(1) 
C(9) 20(1)  17(1) 17(1)  0(1) -1(1)  1(1) 
C(17) 47(1)  14(1) 23(1)  4(1) 1(1)  0(1) 
C(7) 20(1)  16(1) 19(1)  1(1) -1(1)  2(1) 
C(11) 20(1)  29(1) 25(1)  -5(1) 0(1)  -3(1) 
C(6) 18(1)  40(1) 25(1)  5(1) 1(1)  -1(1) 
C(3) 24(1)  24(1) 15(1)  2(1) 2(1)  4(1) 
C(8) 17(1)  18(1) 15(1)  2(1) -1(1)  0(1) 
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C(15) 21(1)  33(1) 23(1)  -4(1) -2(1)  1(1) 
C(13) 41(1)  25(1) 18(1)  -1(1) 1(1)  4(1) 
C(14) 32(1)  38(1) 22(1)  -6(1) -9(1)  4(1) 
C(12) 30(1)  32(1) 27(1)  -3(1) 9(1)  -1(1) 
C(18) 69(2)  17(1) 35(1)  -2(1) 10(1)  5(1) 
C(19) 53(2)  23(1) 38(1)  6(1) 6(1)  -10(1) 
C(5) 18(1)  55(1) 27(1)  12(1) 1(1)  -5(1) 
C(1) 28(1)  29(1) 26(1)  8(1) -8(1)  -3(1) 
C(4) 24(1)  48(1) 23(1)  10(1) 8(1)  9(1) 
C(20) 66(2)  28(1) 34(1)  12(1) -12(1)  4(1) 
________________________________________________________________________  
 
Table 3.06.   Hydrogen coordinates (x104) and isotropic  displacement parameters (Å2x 
10 3) for mini-18010. 
________________________________________________________________________  
  x  y  z  U(eq) 
________________________________________________________________________  
  
H(2)  9280 3517 6021 22 
H(9A)  8690 1291 6282 22 
H(9B)  6320 787 6286 22 
H(11)  10542 1381 5607 30 
H(3)  4980 3078 7583 25 
	 138	
H(8)  5154 2981 6119 20 
H(15)  4310 907 5569 31 
H(13)  7707 498 4456 33 
H(14)  4500 501 4813 37 
H(12)  10708 972 4850 36 
H(18A) 6676 7605 6340 60 
H(18B) 8184 8820 6230 60 
H(18C) 9014 7625 6529 60 
H(19A) 11977 7388 6014 57 
H(19B) 11114 8509 5689 57 
H(19C) 11565 7062 5502 57 
H(5A)  2052 147 7142 40 
H(5B)  192 1202 7083 40 
H(1A)  9217 132 7967 41 
H(1B)  7189 -459 8206 41 
H(1C)  8590 618 8454 41 
H(4A)  2385 1188 7800 38 
H(4B)  1510 2560 7606 38 
H(20A) 7990 6849 5225 64 
H(20B) 7433 8299 5396 64 
H(20C) 6050 7070 5552 64 
________________________________________________________________________
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 Table 3.07.  Torsion angles [°] for Final. 
________________________________________________________________  
C(1)-O(1)-C(2)-O(2)  -4.8(3) 










C(6)-N(1)-C(7)-O(4)  -178.86(19) 
C(3)-N(1)-C(7)-O(4)  -6.9(3) 
C(6)-N(1)-C(7)-C(8)  -3.5(3) 
C(3)-N(1)-C(7)-C(8)  168.42(15) 
C(15)-C(10)-C(11)-C(12) -0.4(3) 
C(9)-C(10)-C(11)-C(12) 179.37(18) 
C(7)-N(1)-C(6)-O(3)  -10.7(4) 
C(3)-N(1)-C(6)-O(3)  177.0(2) 
C(7)-N(1)-C(6)-C(5)  169.10(19) 
C(3)-N(1)-C(6)-C(5)  -3.2(2) 
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C(7)-N(1)-C(3)-C(2)  -71.0(2) 
C(6)-N(1)-C(3)-C(2)  102.21(19) 
C(7)-N(1)-C(3)-C(4)  171.39(16) 
C(6)-N(1)-C(3)-C(4)  -15.4(2) 
O(2)-C(2)-C(3)-N(1)  -27.1(3) 
O(1)-C(2)-C(3)-N(1)  155.97(16) 
O(2)-C(2)-C(3)-C(4)  86.0(2) 
O(1)-C(2)-C(3)-C(4)  -90.93(19) 
C(16)-N(2)-C(8)-C(7)  -76.91(19) 
C(16)-N(2)-C(8)-C(9)  164.85(15) 
O(4)-C(7)-C(8)-N(2)  -22.8(2) 
N(1)-C(7)-C(8)-N(2)  162.06(15) 
O(4)-C(7)-C(8)-C(9)  97.3(2) 
N(1)-C(7)-C(8)-C(9)  -77.88(19) 
C(10)-C(9)-C(8)-N(2)  -63.73(19) 







O(3)-C(6)-C(5)-C(4)  -159.5(2) 
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N(1)-C(6)-C(5)-C(4)  20.8(2) 
C(6)-C(5)-C(4)-C(3)  -29.3(2) 
N(1)-C(3)-C(4)-C(5)  27.2(2) 
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Chapter 4: Synthesis of Triarylmethanes via Palladium-Catalyzed Suzuki-Miyaura 
Reactions of Diarylmethyl Esters 
The work in this chapter was in collaboration with computational chemists David Balcells 
and Irene Casademont-Reig from the University of Osolo, Norway. 
I. Introduction 
Triarylmethanes are common motifs in natural products, fluorescent probes,1 
organic dyes,2 metal ion sensors,3 and active pharmaceutical ingredients.4 For example, 
triarylmethanes have anti-viral,5 anti-tuberculosis,6 anti-malaria,7 and anti-breast cancer8 
properties. The most common method to synthesize triarylmethanes is through Friedel-
Crafts reactions of diarylmethanols or their derivatives with arenes, however, these 
reactions are limited in scope and have poor selectivity4b In recent years, a number of 
transition metal-catalyzed C(sp2)–C(sp3) cross-coupling reactions have been developed for 
the synthesis of triarylmethanes, which utilize electrophiles such as diarylmethyl-halides,9 
-ammonium salts,10 -sulfones,11 and -alcohol derivatives.12 In particular, alcohol 
derivatives are attractive as electrophiles for cross-coupling reactions because alcohols are 
abundant, stable, and diverse building blocks, which can easily be derivatized.13  
To date, several Ni-catalyzed cross-coupling (Suzuki-Miyuara12a, 12c, 12d, 12g and 
Kumada12e) reactions of diarylmethanol derivatives (ethers,12e, 12g esters,12c, 12d and 
carbamates12a) have been reported for the synthesis of triarylmethanes, including 
enantiospecific examples (Figure 4.01). However, these reactions are limited to 
electrophiles with extended aromatic systems, such as naphthyls and biaryls, and are not 
compatible with diphenylmethanol derivatives, which are prevalent in natural products and 
pharmaceuticals. In contrast, Pd-catalyzed reactions (Suzuki-Miyaura12h, 12i and Hiyama- 
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Denmark12j) of diarylmethanol derivatives (carbonates12h and phosphates12i, 12j) that can 
couple diphenylmethanol derived substrates have been reported, but these reactions require 
harsh conditions, such as elevated temperatures (100 °C) or long reaction times, and are 
highly limited in scope as there are no examples of reactions with medicinally relevant 
heteroaryl or chiral substrates (Figures 4.01).  
In this chapter, we report Pd-catalyzed Suzuki-Miyaura reactions of diarylmethyl 
esters to generate triarylmethanes. Using substituted 2,3,4,5,6-pentafluorobenzoate esters, 
which are stable starting materials that can easily be prepared from diarylmethanol,14 
reactions can be performed at mild temperatures in good to high yields. The reaction is 
compatible with simple diphenylmethyl ester derivatives, as well as a wide variety of aryl 
boronic acids, including heteroaryl substrates. Importantly, enantioenriched diarylmethyl 
2,3,4,5,6-pentafluorobenzoates can be coupled with high stereospecificity. Overall, this is 
the first stereospecific cross-coupling reaction for the synthesis of triarylmethanes, which 
is compatible with diphenylmethane derivatives.  
 
II. Results and Discussions 
Reaction Discovery and Development 
In preliminary work, we demonstrated that we could couple benzyl benzoate with 
phenyl boronic acid to selectively generate a diarylmethane product using (h3-1-tBu-
indenyl)Pd(IPr)(Cl) (IPr = 1,3-bis(2,6-diisopropyl-phenyl)-1,3-dihydro-2H-imidazol-2-
ylidene) as a precatalyst (Figure 4.02). This is  in agreement with Kuwano et al.’s results15 
and is indicative of selective cleavage of the O–C(R) (R = benzyl) bond. It is notable that 
when benzyl benzoate is replaced with phenyl benzoate under the same reaction conditions 
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we selectively form benzophenone, which is consistent with selective cleavage of the 
C(acyl)–O bond (Figure 4.02). Our results with benzyl benzoate suggested that we could 
leverage the observed cleavage of the O–C(R) (R = benzyl) bond to develop a selective 
method for the synthesis of synthetically valuable triarylmethanes from diphenylmethyl 
esters through the careful selection of the leaving group on the ester and optimization of 
the reaction conditions. 
We initially synthesized diphenylmethyl-acetate, -benzoate, and -2,3,4,5,6-
pentafluorobenzoate via a straightforward reaction between diarylmethanol and the 
appropriate carboxylic acid.16 Subsequently, using 1 mol% of (h3-1-tBu-
indenyl)Pd(IPr)(Cl) as the precatalyst, a 4:1 mixture of toluene/ethanol as the solvent, and 
2 equivalents of K2CO3 as the base, we assessed these esters as substrates in Suzuki-
Miyaura reactions with 4-methoxyphenylboronic acid at room temperature (Figure 4.03a). 
After 6 hours, Suzuki-Miyaura reactions with diphenylmethyl-acetate and -benzoate give 
28% and 35% of (diphenyl)(4-methoxyphenyl) methane, respectively, while the reaction 
with diphenylmethyl 2,3,4,5,6-pentafluorobenzoate yields 85% of the desired product. The 
observed trend in reactivity of the diphenylmethyl esters correlates with the pKas of the 
corresponding carboxylic acids, with acetic acid and benzoic acid having similar pKa 
 
Figure 4.02. Comparison of Pd-catalyzed Suzuki-Miyaura reactions of phenyl and 




values and 2,3,4,5,6-pentafluorobenzoic acid having a much lower pKa value.17 We suggest 
that the pKa values are reflective of the substrates relative ability to be activated by the Pd 
center via an SN2-type mechanism, as well as the strength of the interaction between Pd 
and the anion (infra vide).12b These reactions are some of the first examples of Suzuki-
Miyaura reactions of diphenylmethanol derivatives that do not contain extended aromatic 
substituents.14, 18 We also compared the reactions using esters as electrophiles to those 
using diphenylmethyl chloride and diphenylmethyl bromide as substrates (Figure 4.03a). 
Although diphenylmethyl chloride gives a high yield (77%), the reaction results in the 
formation of (ethyl)(diphenylmethyl)ether as a side product (~5%) (Figure 4.03b), 
presumably as a result of base mediated nucleophilic substitution of the alcohol solvent on 
 
Figure 4.03. (a) Pd-catalyzed Suzuki-Miyaura reactions of diphenylmethyl esters and 
halides and (b) side reaction observed with aryl halides. aConditions: diphenylmethyl-
X (0.05 mmol), 4-methoxyphenylboronic acid (0.075 mmol), K2CO3 (0.1 mmol), (h3-
1-tBu-indenyl)Pd(IPr)(Cl) (0.0005 mmol), toluene (0.4 mL), and EtOH (0.1 mL). 
aYields are an average of two runs determined by GC-FID conversion.	
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the halide. In agreement with this proposal, the more reactive diphenylmethyl bromide 
gives an even lower yield (21%), and an increased quantity of the ether side-product 
(~33%).  
We performed a series of Suzuki-Miyaura reactions between diphenylmethyl 
2,3,4,5,6-pentafluorobenzoate and 4-methoxyphenylboronic acid to evaluate the factors 
that are important in obtaining high yields. In the absence of precatalyst no product is 
observed, and the majority of the starting material is converted to ethyl 2,3,4,5,6-
pentafluorobenzoate, indicating that the diphenylmethyl 2,3,4,5,6-pentafluorobenzoate is 
not stable under the reaction conditions (Table 4.011, Entry 2). In the presence of (h3-1-
tBu-indenyl)Pd(IPr)(Cl), the desired coupling outcompetes the side-reaction and 
quantitative conversion occurs in 24 hours (Entry 3). Increasing the temperature to 40 °C, 
results in a quantitative yield after 4 hours (Entry 4). Other common precatalysts, such as 
(η3-cinnamyl)Pd(IPr)Cl and PEPPSI-IPr, give moderate but reduced yields relative to (h3-
1-tBu-indenyl)Pd(IPr)(Cl) likely due to their slower rates of activation under our reaction 
conditions (Entries 5 & 6).19 Changing the ancillary ligand to other commonly utilized 
NHC ligands, such as SIPr, IMes, and IPr*OMe (Entries 7-9), or phosphine ligands, such 
as PCy3, XPhos, or SPhos (Entries 10-12), gives reduced yields compared to IPr. We have 
observed similar trends in related Suzuki-Miyaura reactions involving phenyl benzoates.20 
The choice of base is also crucial and although high yields are obtained with K2CO3, lower 
yields are observed with other common inorganic bases, such as K3PO4 or Na2CO3 
(Entries 13-14). In the absence of a protic co-solvent no product is observed (Entry 15). 
Although the reaction worked comparably in the presence of methanol or ethanol (Entries 
17 & 1), faster transesterification occurs in methanol to generate the methyl 2,3,4,5,6- 
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pentafluorobenzoate by-product, which unnecessarily consumes starting material. Further, 
the yield suffered when water or isopropanol are used instead of ethanol (Entries 16 & 
18). The role of the alcohol co-solvent may be in solubilizing the reagents,  assisting in 
precatalyst activation,19b or facilitating transmetallation by displacing the carboxylate with 
an alkoxy ligand.15 
	
Entry Deviation from optimized conditions GC 
conversiona 
1 No change 85% 
2 No precatalyst 0%b 
3 24 h instead of 6 h >99% 
4 40 °C instead of r.t. and 4 h instead of 6 h >99% 
5 (η3-cinnamyl)Pd(IPr)Cl instead of (η3-1-tBu-
indenyl)Pd(IPr)Cl 
73% 
6 PEPPSI-IPr instead of (η3-1-tBu-indenyl)Pd(IPr)Cl 64% 
7 SIPr instead of IPr 62% 
8 IMes instead of IPr 16% 
9 IPr*OMe instead of IPr 40% 
10 PCy3 instead of IPr 2%c 
11 XPhos instead of IPr 3% 
12 SPhos instead of IPr 46%d 
13 K3PO4 instead of K2CO3 63% 
14 Na2CO3 instead of K2CO3 2% 
15 Toluene only <1% 
16 H2O instead of EtOH 69% 
17 MeOH instead of EtOH 89%f 
18 iPrOH instead of EtOH 56% 
Table 4.01. Optimization table for Pd-catalyzed Suzuki-Miyaura reaction of 
diarylmethyl 2,3,4,5,6-pentafluorobenzoate with 4-methoxyphenylboronic acid. 
Conditions: diphenylmethyl ester (0.05 mmol), 4-methoxyphenylboronic acid (0.075 
mmol), base (0.1 mmol), precatalyst (0.0005 mmol), solvent (0.5 mL). aYields are an 
average of two runs determined by GC-FID conversion. b64% conversion to 
F5C6COOC2H5, 2% ArCOOC2H5, and 36% starting material remaining. c67% 
conversion to F5C6COOC2H5. d32% conversion to F5C6COOC2H5. e36% conversion to 
F5C6COOC2H5 and 38% ArCOOC2H5. f9% conversion to F5C6COOCH3.  
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Substrate Scope 
Given the success of Suzuki-Miyaura reactions involving diphenylmethyl 
2,3,4,5,6-pentafluorobenzoate, we explored the substrate scope for the coupling of a range 
of diarylmethyl 2,3,4,5,6-pentafluorobenzoates with phenylboronic acid under our 
optimized conditions (Figure 4.04). Electron neutral diarylmethyl esters (4a & 4b), 
including fluorene-9-ester (4b), result in high yields, 96 and 94% respectively, of the 
desired product. The latter result is notable because fluorenes are important motifs in 
biologically active molecules,21 as monomers in polymer chemistry,22 and as dyes for solar 
cell applications, and our system provides a facile method for functionalization.23 The 
reaction is also compatible with esters containing electron-donating (4c) and -withdrawing 
(4d & 4e) substituents. This includes the doubly cyano substituted ester (4e) which is 
coupled in 86% yield. This is significant because cyano groups often coordinate to Pd and 
inhibit catalysis.  It is more difficult to couple substrates with ortho-substitution on an aryl 
group of the diarylmethyl ester, such as 4f. Even with higher precatalyst loading (4 mol%) 
and longer reactions times (16 h), when ethanol is used as the co-solvent, transesterification 
to generate the ethyl 2,3,4,5,6-pentafluorobenzoate competes with the desired cross-
coupling reaction and only a 40% NMR yield of cross-coupled product is observed. 
However, an 87% yield is obtained by increasing the precatalyst loading to 4 mol%, the 
temperature to 80 °C, the time to 16 h, and switching to water as the co-solvent to prevent 
transesterification. Consistent with the challenges in coupling ortho-substituted substrates, 
(1-napthyl)(phenyl) methyl 2,3,4,5,6-pentafluorobenzoate (4g) gives minimal yield under 
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the optimized conditions (6% NMR yield). When more forcing conditions are utilized, with 
the use of water in place of ethanol as a co-solvent, a yield of 77% is obtained. Under the 
same conditions, the even more sterically bulky bis(1-naphthyl) methyl 2,3,4,5,6-
pentafluorobenzoate (4h) gives an 87% yield. In contrast, we are able to couple the less 
 
Figure 4.04. Isolated and NMR yields for Pd-catalyzed Suzuki-Miyaura reactions of 
diarylmethyl 2,3,4,5,6-pentafluorobenzoates with (4-methoxyphenyl)boronic acid. 
Conditions for isolated yields: ester (0.2 mmol), phenylboronic acid (0.3 mmol), K2CO3 
(0.4 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl (0.0002 mmol), toluene (1.6 mL), ethanol (0.4 
mL). Conditions for NMR yields: ester (0.05 mmol), phenylboronic acid (0.075 mmol), 
K2CO3 (0.1 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl (0.0005 mmol), toluene (0.4 mL), 
ethanol (0.1 mL). NMR yields were determined against 1,2,4,5-tetramethyl benzene 
internal standard. a4 mol% (η3-1-tBu-indenyl)Pd(IPr)Cl instead of 1 mol%.  b16 h instead 
of 4 h. c80 °C instead of 40 °C. dWater instead of ethanol. 
	 150	
sterically bulky substrate (2-napthyl)(phenyl) methyl 2,3,4,5,6-pentafluorobenzoate (4i) 
without major modification to our optimized conditions (16 h instead of 4 h). Pyridyl 
groups are common in pharmaceuticals but are often difficult substrates for cross-coupling 
reactions due to coordination of the heterocycle to Pd.24 Using our more forcing conditions, 
including the replacement of ethanol with water as a co-solvent, we can couple a 2-pyridyl 
containing electrophile (4j) in 49%. 
Enantiomers of chiral molecules often have different biological activity due to 
variations in their binding affinity with chiral targets.25 Therefore, there are advantages to 
accessing single enantiomers of triarylmethanes.26 We hypothesized that our method could 
be compatible with producing single enantiomers of triarylmethanes if enantioenriched 
diarylmethyl 2,3,4,5,6-pentafluorobenzoates esters were utilized as substrates. The 
enantioenriched substrates, (S)-(2-naphthyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate 
and (S)-(4-methylphenyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate,  were readily 
synthesized from the appropriate (S)-diarylmethanol by following a literature procedure 
	
Figure 4.05. Isolated yields and enantioselectivity for Pd-catalyzed stereospecific 
Suzuki-Miyaura reactions of diarylmethyl 2,3,4,5,6-pentafluorobenzoates. Conditions 
for isolated yields: enantioenriched ester (0.05 mmol), arylboronic acid (0.075 mmol), 
K2CO3 (0.1 mmol), (η3-1-tBu-indenyl)Pd(IPr)Cl (0.0005 mmol), toluene (0.4 mL), 
ethanol (0.1 mL). 
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involving the reaction of an in situ generated phenylzinc species and an aldehyde catalyzed 
by a chiral pyrrolidine ligand.27 The subsequent coupling of (S)-(2-
naphthyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate with 3-furylboronic acid under 
our optimized conditions results in the formation of triarylmethane 5a in 91% yield (Figure 
7). Comparison of the polarimetry data of isolated 5a ([α]20D -23.25 (c 0.400, CDCl3)) with 
literature data ([α]29D -22.0  (c 1.00, CDCl3))12a suggests the formation of the (R)-isomer 
with high enantiospecificity, which is consistent with a pathway involving inversion. The 
reactions of (S)-(4-methylphenyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate with (4-
methoxy)phenylboronic acid and 2-naphthylboronic acid generates enantioenriched 
triarylmethanes 5b and 5c in 86% (90% es) and 91% yields ([α]20D -2.3 (c 0.820, CDCl3) 
literature data for (S) isomer ([α]23D +4.76  (c 1.66, CDCl3))12e, respectively. Given that we 
propose the mechanism of the reaction involves oxidation addition, transmetallation and 
reductive elimination (vide infra), the stereochemical inversion of the (S)-diarylmethyl 
2,3,4,5,6-pentafluorobenzoates to the (R)-triarylmethanes suggests that oxidative addition 
proceeds via an SN2 pathway. This is because transmetallation and reductive elimination 
typically occur with retention of configuration in Suzuki-Miyaura reactions,28 and 
therefore the stereochemistry of the product is likely based on oxidative addition. Our work 
is consistent with previous studies utilizing NHC-Ni catalysts for the stereoselective 
coupling of naphthyl and biaryl diarylmethyl esters, which also proceed with inversion and 
propose that oxidative addition is responsible for the observed stereochemistry.12a, 12b  
The scope of the boronic acid coupling partner was evaluated using diphenylmethyl 
2,3,4,5,6-pentafluorobenzoate as the electrophile (Figure 4.06). The reaction is compatible 
with electron- neutral, -donating, and -withdrawing aryl boronic acids (6a-h). In a 
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noteworthy result, 4-methylester- (6f) and 4-acetyl- (6g) phenylboronic acids give yields 
of 87% and 70%, respectively, which are not only electron-withdrawing but can be further 
functionalized, for example via nucleophilic addition reactions29. The reaction is tolerant 
 
Figure 4.06. Isolated and NMR yields for Pd-catalyzed Suzuki-Miyaura reactions of 
diphenylmethyl 2,3,4,5,6-pentafluorobenzoate with boronic acids. Conditions for 
isolated yields: ester (0.2 mmol), boronic acid (0.3 mmol), K2CO3 (0.4 mmol), (η3-1-tBu-
indenyl)Pd(IPr)Cl (0.0002 mmol), toluene (1.6 mL), ethanol (0.4 mL. Conditions for 
NMR yields: diphenylmethyl 2,3,4,5,6-pentafluorobenzoate ester (0.05 mmol), (4-
methoxyphenyl)boronic acid (0.075 mmol), K2CO3 (0.1 mmol), (η3-1-tBu-
indenyl)Pd(IPr)Cl (0.0005 mmol), toluene (0.4 mL), ethanol (0.1 mL). NMR yields were 
determined against 1,2,4,5-tetramethyl benzene internal standard. a8 h instead of 4 h. b16 
h instead of 4 h. c4 mol% (η3-1-tBu-indenyl)Pd(IPr)Cl instead of 1 mol%. 
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of ortho-substituted aryl boronic acids (6i-j). However, while 2,6-dimethoxyphenyl 
boronic acid (6l) could be coupled in high yield (although difficulty in isolation resulted in 
a lower isolated yield), minimal product is observed with 2,4,6-trimethylphenyl boronic 
acid (6m) even with higher precatalyst loadings. 1- and 2-napthyl boronic acids (6j & 6k) 
are coupled in yields of 83% and 80%, respectively. Heteroaryl-substituted triarylmethanes 
derivatives are common in pharmaceutical compounds,6a, 30 but cross-coupling reactions of 
diarylmethanol derivatives with heteroaryl boronic acids are limited,12a, 12e possibly due to 
the instability of heteroaryl nucleophiles.31 Our system is able to couple 2-furyl (6n) and 
3-thiophene (6o) boronic acids in yields of 98% and 97%, respectively, but 2-substituted 
thienyl boronic acid gives low conversion. Benzo[b]thien-2-yl- (6p) and boc-protected 
pyrrole- (6q) boronic acids give yields of 80% and 70%, respectively, but require longer 
reaction times. Unfortunately, pyridyl boronic acids could not be coupled, likely due to 
protodeborylation or coordination of the nitrogen atom of the pyridine ring to the catalyst.  
Overall, our substrate scope demonstrates that we have developed a general method 
for the synthesis of triarylmethanes, containing both extended and non-extended aromatic 
groups, from readily available diarylmethyl esters that operates under mild conditions. In 
particular, the ability of our system to couple diphenylmethyl esters that do not contain 
extended aromatic substrates is significant, as these substrates have not previously been 
utilized. Further, our system is tolerant of a variety of different functional groups, is 
compatible with heterocyclic substrates, and is stereospecific. As a result, we expect that it 





The high yields of triarylmethanes that are observed in Suzuki-Miyaura reactions 
involving diarylmethyl 2,3,4,5,6-pentafluorobenzoates indicate that the reaction must be 
proceeding with high selectivity, consistent with the selective cleavage of the O–C(benzyl) 
bond. Further, there is no evidence for cleavage of the C(acyl)–O bond, which presumably 
occurs readily when a phenyl ester is utilized instead of a benzyl ester (Figure 4.02). 
Previous studies have hypothesized that oxidative addition to Pd(0) is responsible for the 
differences in selectivity between phenyl- and benzyl-esters but there are few well-defined 
examples of the oxidative addition of these substrates and the reaction pathways (for 
example concerted versus SN2) have not be probed.32 In seminal work, Yamamoto et al. 
demonstrated differences in oxidative addition for aryl- and benzyl- trifluoroacetates to 
phosphine ligated Pd(0) complexes.32b, 32c, 33 Specifically, aryl trifluoroacetates were shown 
to oxidatively add across the C(acyl)–O bond, while benzyl trifluoroacetates underwent 
oxidative addition across the O–C(benzyl) bond. However, the mechanistic origins for this 
difference were not elucidated and their applicability to our system, which features a 
different ester and ancillary ligand, was unclear. Therefore, we studied the oxidative 
addition of the type of esters used in this work, such as phenyl- and benzyl-benzoates, to 
the proposed active catalytic species (IPr)Pd(0). 
Initial evaluation of the oxidative addition of phenyl benzoate with the Pd(0) source 
(IPr)Pd(0)(styrene)2 resulted in slow decomposition to Pd black and (IPr)2Pd. The use of 
more electron withdrawing electrophiles is known to result in more facile oxidative 
addition and also stabilize the resulting transition metal complexes.34 In this case, treatment 
of phenyl 2,3,4,5,6-pentafluorobenzoate with (IPr)Pd(styrene)2 at room temperature 
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resulted in the slow formation of new product(s) as determined by NMR spectroscopy, but 
this was followed by decomposition, which prevented full characterization. We 
hypothesized that an ortho-coordinating ligand on the benzoate group, such as 
diphenylphosphine, would stabilize the putative three-coordinate oxidative addition 
complex by binding to the open coordination site on the metal center. The reaction of 
phenyl 2-(diphenylphosphino)benzoate with (IPr)Pd(styrene)2 at room temperature 
resulted in the clean formation of a product, 1, with a single resonance in the 31P NMR 
spectrum at 50.4 ppm, which was isolated in 75% yield (Figure 4.07a). X-ray 
crystallography confirmed that 1 is the result of oxidative addition of the C(acyl)–O bond 
to (IPr)Pd(0) with coordination of the phosphine (Figure 4.07b). Interestingly, the crystal 
	
 
Figure 4.07. (a) Oxidative addition of phenyl 2-(diphenylphosphino)benzoate to 
(IPr)Pd(0) to form 1 (with CH3 groups of the IPr excluded for clarity). (b) ORTEP (30% 
probability) of 1. Selected bond distances and angles Pd1-C1 1.971(9) Å, Pd1-C46 
1.975(7) Å, Pd1-P1 2.287(2) Å, Pd1-O1 2.107(6) Å; C46-Pd1-O1 90.2(2)o, C1-Pd1-
C46 89.5(3)o, P1-Pd1-O1 96.0(1)o, P1-Pd1-C1 84.0(2)o. 
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structure shows that the C(acyl) ligand is trans to the OPh ligand and the phosphine ligand 
is trans to the IPr ligand. It would be expected, however, that after concerted oxidative 
addition the C(acyl) ligand and O(Ph) ligand would be cis to one another, which suggests 
that the ligands can rearrange on the metal center either by decoordination of the phosphine 
or OPh ligands. Nevertheless, the formation of 1 indicates that (IPr)Pd(0) is capable of 
facile cleavage of the C(acyl)–O bond of a phenyl ester. Notably, this is the first example 
of a well-defined oxidative addition product from the addition of a phenyl ester to Pd(0) 
that does not undergo decarbonylation.  
Next, we investigated the reaction of benzyl benzoate derivatives with 
(IPr)Pd(styrene)2. In an analogous fashion to the reaction with the unsubstituted phenyl 
benzoate, the reaction of benzyl benzoate with (IPr)Pd(styrene)2 resulted in slow 
decomposition to Pd black and (IPr)2Pd. However, when we performed the reaction of 
(IPr)Pd(styrene)2 with 2,3,4,5,6-pentafluorobenzoate, a substrate used in catalysis, one new 
product, 2, is formed and isolated in a 65% yield (Scheme 401).35 In the 1H NMR spectrum 
of 2, the resonance associated with the methine proton of the benzyl group is shifted up-
field relative to that of the free ester (4.78 vs 7.19 ppm), consistent with the presence of a 
metal center in close proximity to the methine proton.36 The 13C NMR spectrum includes 
a resonance at 177.0 ppm and two new peaks are observed in the IR spectrum at 1633 cm-
 
Scheme 4.01. Formation of oxidative addition complex (IPr)Pd(CHPh2)(OOCC6F5) (2) and 
possible structures of 2. 
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1 and 1343 cm-1. This is indicative of the presence of a carbonyl group. Overall, our NMR 
data suggests that 2 is the oxidative addition product from cleavage of the O–C(benzyl) 
bond of 2,3,4,5,6-pentafluorobenzoate. However, we were unable to identify the exact 
structure of 2 as despite repeated attempts single crystals for X-ray diffraction could not be 
obtained. Possible structures of 2 include those with the diarylmethyl ligand binding in 
either an η1 or η3-fashion, and the 2,3,4,5,6-pentafluorobenzoate ligand binding in a κ1 or 
κ2-manner (Scheme 4.01). Further, it is possible that the 2,3,4,5,6-pentafluorobenzoate 
anion is not coordinated to Pd and an ion pair is generated. Nevertheless, our results 
indicate that oxidative addition of 2,3,4,5,6-pentafluorobenzoate with cleavage of the O–
C(benzyl) bond is facile and we suggest that this is the first step in catalysis. Consistent 
with this proposal, when 2 is used as a catalyst in the coupling of diphenylmethyl 2,3,4,5,6-
pentafluorobenzoate with (4-methoxy)phenylboronic acid under our optimized conditions 
(Equation 4.01), complete conversion to (2- methoxyphenyl)(diphenyl)methane is 
observed, indicating that 2 is a kinetically competent catalyst. 
DFT calculations were performed to help understand the observed selectivity in the 
oxidative addition of phenyl- and benzyl-benzoates to (IPr)Pd(0). Phenyl and benzyl-
benzoate were used as model substrates given our results in Figure 4.02 showing that they 
undergo selective cleavage of the C(acyl)–O bond and O–C(benzyl) bond, respectively. 
For both substrates, the concerted oxidative addition pathway was computed for the 




















benzoate, an SN2 pathway was also calculated for cleavage of the O–C(benzyl) bond.  
The oxidative addition transition state for C(acyl)–O cleavage in phenyl benzoate, 
TSPh(CAc–O), is shown in Figure 4.08. In addition to the C(acyl)–O bond cleavage (1.71 
Å), this transition state also involves the concerted formation of the Pd–C(acyl)Ph (2.08 
Å) and Pd–OPh (2.16 Å) bonds. The three atoms involved in the bond rearrangement form 
a 3-membered Pd–O–C metallacycle, consistent with literature precedent.37 In contrast, the 
transition state for O–C(aryl) bond cleavage, in phenyl benzoate TSPh(O–CAr), has a 
5-membered metallacycle geometry, in which one of the two carboxylate O atoms breaks 
the bond with the Ph ring (2.04 Å), whereas the other forms a new bond with Pd (2.20 Å). 
The full relaxation of these two transition states to the oxidative addition products yields 
the complexes PPh(CAc–O) and PPh(O–CAr) with the expected Ph(O)C–Pd–OPh and 
Ph(O)CO–Pd–Ph moieties, respectively (Figure 4.08).38 Importantly, cleavage of the 
C(acyl)–O bond in phenyl benzoate is both kinetically (8.8 vs 19.0 kcal/mol) and 
 
Figure 4.08. DFT calculations comparing the oxidative addition of phenyl benzoate via 
C(acyl)–O and C(aryl)–O bond cleavage. Relative energies in kcal/mol. 
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thermodynamically (-4.0 vs 4.6 kcal/mol) preferred compared with cleavage of the O–
C(aryl) bond cleavage, consistent with our experimental results (Figure 4.08). 
The concerted transition states associated with cleavage of the C(acyl)–O and O–
C(benzyl) bond of benzyl benzoate are shown in Figure 4.09, along with the transition 
state associated with cleavage of the O–C(benzyl) bond via an SN2 mechanism. The 
geometry of TSBz(CAc–O) is very similar to TSPh(CAc–O), with the cleavage and formation 
of the C(acyl)–O (1.96 Å), Pd–C(acyl)Ph (2.02 Å) and Pd–OBz (2.11 Å) bonds in a 3-
membered palladacycle. The transition state for O–C(aryl) bond cleavage, TSBz(O–CBz) is 
also similar to TSPh(OCO–C), involving both O atoms of the carboxylate group, one 
cleaving the bond to the benzyl (1.99 Å), and the other forming a new bond with Pd (2.41). 
 
Figure 4.09. DFT calculations comparing the oxidative addition of benzyl benzoate via 
concerted C(acyl)–O and C(aryl)–O bond cleavage and also an SN2 pathway. Relative 
energies in kcal/mol. 
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However, TSBz(O–CBz) has a distinct feature. Specifically, there is an h3-interaction 
between the metal center and the benzyl moiety, with Pd–C interatomic distances of 2.71, 
2.34 and 2.17 Å for the CBz, Cipso and Cortho atoms, respectively.19a This interaction becomes 
a covalent h3-bond in the PBz(O–CBz) product, with distances shortened to 2.09, 2.27 and 
2.39 Å, respectively, and is likely the main reason why the PBz(O–CBz) product is lower in 
energy than the PBz(CAc–O) product (-9.7 vs 6.0 kcal/mol). However, the transition state 
energy associated with TSBz(CAc–O) is still lower than that observed for TSBz(O–CBz) 
(12.5 vs 20.7 kcal/mol). 
The product of cleavage of the O–C(benzyl) bond of benzyl benzoate, PBz(O–CBz), 
can be generated either via a concerted or SN2 pathway. The SN2 mechanism represents a 
lower energy pathway than either the concerted-TSBz(O–CBz) or TSBz(CAc–O) as the 
barrier for SN2-TSBz(O–CBz) is just 6.4 kcal/mol (Figure 4.09). Thus, the formation of 
PBz(O–CBz) is both kinetically and thermodynamically preferred. The two main structural 
features of SN2-TSBz(O–CBz) are: (1) the h3-interaction between the metal center and the 
CBz (2.32 Å), Cipso (2.29 Å), and Cortho (2.25 Å) atoms, similar to that of the concerted 
TSBz(O–CBz) transition state, and (2) the linear arrangement between the forming Pd–CBz 
(2.32 Å) and the breaking CBz–O (2.08 Å) bonds, with a Pd–CBz–O angle of 173.6○, and 
CBz adopting a distorted trigonal bipyramid geometry. The preference for the SN2 pathway 
is in agreement with the inversion of configuration observed in the Pd-catalyzed Suzuki-
Miyaura reactions of enantioenriched (diaryl)methyl 2,3,4,5,6-pentafluorobenzoate 
(Figure 4.05), as well as that seen in the literature with (NHC)Ni catalysts.12b, 12c Overall, 
the computational results explain the experimental observation that for phenyl benzoate the 
C(acyl)–O bond is cleaved whereas for benzyl benzoate the O–C(benzyl) bond is cleaved. 
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 In our experimental work, we demonstrated that a Suzuki-Miyaura reaction with 
diphenylmethyl 2,3,4,5,6-pentafluorobenzoate is more efficient than the corresponding 
reaction with diphenylmethyl benzoate (Figure 4.03). To investigate this observation, the 
transition state for cleavage of O–C(benzyl) bond of benzyl 2,3,4,5,6-pentafluorobenzoate 
via an SN2-type oxidative addition pathway was calculated using DFT. The barrier is 2.1 
kcal/mol lower in energy than that of the benzyl benzoate consistent with our experimental 
results (Figure 4.10). However, in both cases the barrier for oxidative addition is very low 
(4.3 and 6.4 kcal/mol), suggesting that oxidative addition is facile. Interestingly, the 
product of the oxidative addition of benzyl 2,3,4,5,6-pentafluorobenzoate to (IPr)Pd(0), 
PFBz(O–CBz) exists as an ion pair between a cationic Pd (q = 0.82) center with a h3-benzyl 
ligand and an anionic 2,3,4,5,6-pentafluorobenzoate (q = -0.82). In contrast, in the product 
of oxidative addition of benzyl benzoate, PBz(O–CBz), the O of the benzoate is bound in a 
κ1-fashion to the Pd center. This suggests that the energetically preferred structure of 2 (see 
	  
Figure 4.10. DFT calculations comparing the oxidative addition of the O–C(benzyl) 
bond in benzyl benzoate and benzyl 2,3,4,5,6-pentafluorobenzoate to (IPr)Pd(0). 
Relative energies in kcal/mol. 
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Scheme 4.01) likely contains an h3-benzyl ligand and an outersphere pentafluorobenzoate 
ligand. Further, we propose that the outersphere 2,3,4,5,6-pentafluorobenzoate anion in 
PFBz(O–CBz) may lead to faster transmetallation, the likely next elementary step in the 
mechanism after oxidative addition (Figure 4.11), in part because the formation of PFBz(O–
CBZ) is not as thermodynamically favorable as the formation of PBz(O–CBz). Thus, utilizing 
the 2,3,4,5,6-pentafluorobenzoate as the leaving group may result in improvements to 
multiple elementary steps on the catalytic cycle. We expect that the final step reductive 
elimination is also facile, suggesting that transmetallation is the turnover-limiting step. 
To further probe the nature of the turnover-limiting step in catalysis we investigated 
the oxidative addition of (diphenyl)methyl-2,3,4,5,6-pentafluorobenzoate (12a) and (2-
methylphenyl)(phenyl)methyl-2,3,4,5,6-pentafluorobenzoate (12b) to (IPr)Pd(styrene)2. 
Our substrate scope showed that the use of diarylmethylesters with ortho-substitution, such 
as 12b, on the aryl groups results in reduced yields under optimized conditions and 
necessitates the use of harsher reaction conditions to obtain satisfactory yields (Figure 
	  





4.04). However, the rates of oxidative addition of 12a and 12b are comparable (Figure 
4.12), with both occurring at room temperature. This is not consistent with oxidative 
addition being the reason that harsher conditions are required for the coupling of 14b and 
suggests that a subsequent step in the catalytic cycle is turnover-limiting. It also provides 
further evidence that oxidative addition is facile. 
 
III. Conclusions 
We have developed a broad method for synthesizing triarylmethanes under mild 
conditions via Pd-catalyzed Suzuki-Miyaura coupling reactions involving 2,3,4,5,6-
pentafluorobenzoate electrophiles. Importantly, our method is not limited to electrophiles 
 
  
Figure 4.12. NMR yields of oxidative addition product over time for the reaction of 
diarylmethyl pentafluorobenzoate with (IPr)Pd(styrene)2.  
	 164	
containing extended aromatic systems, such as naphthyl or biaryl groups, and as a result 
represents a significant advance over previous methods. Further, the reaction is 
stereospecific and is able to generate chiral triarylmethanes with inversion of configuration. 
Intriguingly, while the Suzuki-Miyaura reaction of diarylmethyl esters involves the cleavage of 
the O–C(benzyl) bond, the reaction featuring closely related phenyl ester electrophiles 
involve selective cleavage of the C(acyl)–O bond. DFT calculations showed that cleavage 
of the O–C(benzyl) bond in benzyl electrophiles is both kinetically and thermodynamically 
preferred. This is because oxidative addition of benzyl electrophiles to (IPr)Pd(0) via an 
SN2 mechanism provides a low barrier pathway for cleavage of the O–C(benzyl) bond, 
while the formation of products with an h3-benzyl interaction thermodynamically stabilizes 
the Pd(II) products. In fact, in our reactions the oxidative addition of the 2,3,4,5,6-
pentafluorobenzoate electrophiles is so facile that transmellation is likely the turnover-
limiting step in catalysis. Phenyl ester electrophiles cannot readily undergo oxidative 
addition via an SN2 pathway or form products which are stabilized via chelation and as a 
result cleavage of the C(acyl)–O bond is kinetically and thermodynamically preferred. 
Overall, apart from the development of a more general method for the synthesis of 
triarylmethanes, our work provides fundamental information on the selectivity of oxidative 
addition of ester electrophiles. Given the high level of current interest in using esters as 
electrophiles in cross-coupling, this is likely to be valuable for the design of new and 





IV. Experimental Section 
General Methods 
Experiments were performed under a dinitrogen atmosphere in an M-Braun 
glovebox or using standard Schlenk techniques unless otherwise stated. Under standard 
glovebox conditions purging was not performed between uses of diethyl ether, pentane, 
benzene, toluene and THF; thus, when any of these solvents were used, traces of all these 
solvents were in the atmosphere and could be found intermixed in the solvent bottles. 
Toluene, THF, and dioxane were dried by passage through a column of activated alumina 
followed by storage under dinitrogen. H2O, MeOH, EtOH, and iPrOH were sparged with 
dinitrogen for 1 hour and stored under dinitrogen. Room temperature is considered 20-
23 °C. All commercial chemicals were used as received except where noted. Ethyl acetate 
and hexanes were purchased from Fisher Scientific. SIPr, IPr*OMe, and IMes were 
purchased from Strem Chemicals. SIPr was stored in a -35 °C refrigerator in dinitrogen-
filled glovebox. IPr was synthesized according to a literature procedure.38 XPhos and PCy3 
were purchased from Sigma-Aldrich and stored in a dinitrogen-filled glovebox. Cesium 
carbonate (99+%) was purchased from Strem Chemicals, Inc. Potassium carbonate and 
sodium carbonate were purchased from Mallinckrodt and finely ground with a mortar and 
pestle prior to use. Potassium phosphate was purchased from Acros Organics. Bases were 
oven dried prior to use. Palladium precatalysts were synthesized using previously reported 
procedures.19a, 35, 39 Racemic alcohols were synthesized from a modified literature 
procedure.12a Chiral alcohols were synthesized according to a literature procedure.27 Esters 
were synthesized according to a literature procedure.40 
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NMR spectra were recorded on Agilent- 400, 500 and 600 MHz spectrometers at 
ambient probe temperatures unless otherwise stated. NMR solvents were purchased from 
Cambridge Isotope Laboratories and used without further purification. Chemical shifts are 
reported with respect to residual internal protio solvent for 1H and 13C NMR spectra. 
Chemical shifts for other nuclei are referenced through the gyromagnetic ratio method.41 
Spectral data are reported as follows: chemical shift (multiplicity [singlet (s), broad singlet 
(br s), doublet (d), triplet (t), quartet (q), multiplet (m), doublet of doublets (dd), etc.], 
coupling constant, integration). Gas chromatography (GC) analyses were performed on a 
Shimadzu GC- 2010 Plus apparatus equipped with a flame ionization detector and a 
Shimadzu SHRXI-5MS column (30 m, 250 µm inner diameter, film: 0.25 µm). The 
following conditions were utilized for GC analyses: flow rate 1.23 mL/min constant flow, 
column temperature 50 °C (held for 5 min), 20 °C/min increase to 300 °C (held for 5 min), 
total time 22.5 min. High performance liquid chromatography (HPLC) analysis was 
performed on an Agilent 1100 series instrument equipped with a diode array detector (λ = 
265 nm) and a chiral column from Daicel Chemical Industries under ambient temperature. 
High resolution mass spectrometry (HRMS) was performed on a high-resolution Q-tof 
MS/Acquity UPLC instrument equipped with a BEH C18 column (1.7 µm particle size, 
2.1 x 50 mm) and a photodiode array detector. Optical rotations were recorded on a 
Rudolph Research Analytical Autopol VI Automatic Polarimeter at the sodium D line (50.0 
mm path length) at 20 °C in CHCl3 with concentration (c) given in g/100 mL.  Infrared 
(IR) spectra were recorded on a Nicolet 6700 ATR/FT-IR spectrometer with a    diamond 
tip. 
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Low-temperature diffraction data (ω-scans) were collected on a Rigaku MicroMax-
007HF diffractometer coupled to a Dectris Pilatus3R detector with Mo Kα (λ = 0.71073 
Å) for the structure of 007a-1905. The diffraction images were processed and scaled using 
Rigaku Oxford Diffraction software (CrysAlisPro; Rigaku OD: The Woodlands, TX, 
2015). The structure was solved with SHELXT and was refined against F2 on all data by 
full-matrix least squares with SHELXL (Sheldrick, G. M. Acta Cryst. 2008, A64, 112–
122). All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included 
in the model at geometrically calculated positions and refined using a riding model. The 
isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 times the U 
value of the atoms to which they are linked (1.5 times for methyl groups). Residual electron 
density due to solvent of crystallization (pentane) could not be adequately refined using a 
disordered atom site model and as a result the electron density was modelled using the 
SQUEEZE function. The full numbering scheme of compound 007a-1905 can be found in 
the full details of the X-ray structure determination (CIF), which is included as Supporting 
Information. CCDC number 2045209 (compound 1) contains the supplementary 
crystallographic data for this paper. These data can be obtained free of charge from The 
Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif.  
 
Synthesis of ester starting materials 
 
The following general procedure (A) was used to synthesize esters unless otherwise 
stated: carboxylic acid (1 equiv.), alcohol (1 equiv.), N-(3-Dimethylaminopropyl)-N′-
ethylcarbodiimide hydrochloride (EDC•HCl) (1.1 equiv.), 4-dimethylaminopyridine 
(DMAP) (0.25 equiv.), and DCM were added to a 100 or 250 mL round bottom flask 
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equipped with a magnetic stir bar. The solution was sparged with dinitrogen and stirred at 
room temperature for 18 h. After the reaction was complete, the reaction was quenched 
with aqueous sodium bicarbonate in a separatory funnel. The aqueous layer was extracted 
three times with DCM (10 mL) and the combined organic layers were washed with 
concentrated aqueous ammonium chloride (15 mL) followed by concentrated aqueous 
sodium chloride (15 mL). The organic layer was dried over sodium sulfate or magnesium 
sulfate, filtered, and concentrated. Purification was performed using normal-phase column 
chromatography to provide the pure products in the reported yields. 
 
The following general procedure (B) was used to synthesize esters unless otherwise 
stated: acyl chloride (1 equiv.), alcohol (1 equiv.), DMAP (0.05 equiv.), trimethylamine 
(1.2 equiv.), and DCM were added to a 100 or 250 mL round bottom flask equipped with 
a magnetic stir bar. The solution was sparged with dinitrogen and stirred at room 
temperature for 18 h. After the reaction was complete, the reaction was quenched with 
aqueous sodium bicarbonate in a separatory funnel. The aqueous layer was extracted three 
times with DCM (10 mL) and the combined organic layers were washed with concentrated 
aqueous ammonium chloride (15 mL) followed by concentrated aqueous sodium chloride 
(15 mL). The organic layer was dried over sodium sulfate or magnesium sulfate, filtered, 
and concentrated. Purification was performed using normal-phase column chromatography 








Synthesis of achiral (diphenyl)methyl esters 
 
(Diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate. Following general procedure 
(A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (5.00 g, 0.0236 mol), diphenylmethanol 
(4.350 g, 0.02360 mol), EDC•HCl (4.970 g, 0.02590 mol), and DMAP (0.720 g, 0.00589 
mol) in DCM (50 mL) were stirred at room temperature for 18 h. Purification was 
performed using silica column chromatography with a 1% EtOAc/99% petroleum ether 
(PE) solvent mixture to provide a white solid. Following purification, a 42% yield (3.76 g) 
was obtained. 1H and 13C NMR data were consistent with that published in the literature.14 
 
(Diphenyl)methyl benzoate. Following general procedure (A), a mixture of benzoic 
acid (0.489 g, 0.00814 mol), diphenylmethanol (1.500 g, 0.008140 mol), EDC•HCl (1.720 
g, 0.008950 mol), and DMAP (0.249 g, 0.00204 mol) in DCM (15 mL) were stirred at 
room temperature for 18 h. Purification was performed using silica column 
chromatography with a gradient of 100% hexanes to 10% EtOAc/90% hexanes solvent 
mixture to provide a white solid. Following purification, a 48% yield (0.887 g) was 











(Diphenyl)methyl acetate. Following general procedure (A), a mixture of acetic 
acid (238 µL, 4.16 mmol), diphenylmethanol (0.767 g, 4.16 mmol), EDC•HCl (0.878 g, 
4.580 mmol), and DMAP (0.127 g, 1.04 mmol) in DCM (10 mL) were stirred at room 
temperature for 18 h. Purification was performed using silica column chromatography with 
a 10% EtOAc/90% PE solvent mixture to provide a colorless solid. Following purification, 
a 20% yield (0.190 g) was obtained. 1H and 13C NMR data were consistent with that 
published in the literature.43 
 
Synthesis of racemic (diaryl)methyl esters pentafluorobenzoates 
 
9H-fluorene-9-(2,3,4,5,6-pentafluoro)benzoate. Following general procedure (A), 
a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.500 g, 2.36 mmol), 9H-fluoren-9-ol 
(0.429 g, 2.36 mmol), EDC•HCl (0.497 g, 2.59 mmol), and DMAP (0.072 g, 0.59 mmol) 
in DCM (10 mL) were stirred at room temperature for 18 h. Purification was performed 
using silica column chromatography with a 10% EtOAc/90% PE solvent mixture to 
provide a white solid. Following purification, a 39% yield (0.341 g) was obtained. 1H NMR 










Hz, 2H), 7.34 (t, J = 6.47 Hz, 2H), 7.02 ppm (s, 1H).  13C{1H} NMR (CDCl3, 151 MHz): 
160.17, 146.28, 144.53, 144.29, 142.57, 141.32, 140.89, 138.66, 136.98, 130.15, 128.25, 
126.16, 120.35, 108.37, 77.67 ppm. 19F NMR (CDCl3, 376 MHz): -137.84 (m, 2F), -148.18 
(t, J = 20.88 Hz, 1F), -160.12 ppm (m, 2F). HRMS (ESI+): 376.0519 [M]+. Calcd for 
[C20H9F5O2]: 376.0523.  
 
(4-methoxyphenyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate. Following 
general procedure (A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.500 g, 2.36 
mmol), (4-methoxyphenyl)(phenyl)methanol (0.505 g, 2.36 mmol), EDC•HCl (0.497 g, 
2.59 mmol), and DMAP (0.072 g, 0.59 mmol) in DCM (10 mL) were stirred at room 
temperature for 18 h. Purification was performed using silica column chromatography with 
a 10% EtOAc/90% hexanes solvent mixture to provide a white solid. Following 
purification, a 33% yield (0.315 g) was obtained. 1H and 13C NMR data were consistent 
with that published in the literature.44 
 
(4-trifluoromethylphenyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate. 
Following general procedure (A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.500 g, 














(0.497 g, 2.59 mmol), and DMAP (0.072 g, 0.59 mmol) in DCM (10 mL) were stirred at 
room temperature for 18 h. Purification was performed using silica column 
chromatography with a 5% EtOAc/95% hexanes solvent mixture  to provide a colorless 
oil. Following purification, a 61% yield (0.642 g) was obtained. 1H NMR (CDCl3, 600 
MHz): 7.65 (d, J = 8.22 Hz, 2H), 7.56 (d, J = 8.21 Hz, 2H), 7.41-7.35 (m, 5H), 7.14 ppm 
(s, 1H).  13C{1H} NMR (CDCl3, 151 MHz): 158.16, 143.03, 138.32, 130.78, 130.56, 
129.05, 128.95, 127.44, 127.34, 126.77, 125.89, 124.93, 122.86, 79.08 ppm. 19F NMR 
(CDCl3, 376 MHz): -62.74 (s, 3F), -137.32 (m, 2F), -147.39 (t, J = 20.60 Hz, 1F), -159.93 
ppm (m, 2F). This compound did not ionize well enough to acquire HRMS data.   
 
Bis(4-cyanophenyl)methyl 2,3,4,5,6-pentafluorobenzoate. Following general 
procedure (A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.500 g, 2.36 mmol), bis(4-
cyanophenyl)methanol (0.552 g, 2.36 mmol), EDC•HCl (0.497 mg, 2.59 mmol), and 
DMAP (0.072 g, 0.59 mmol) in DCM (10 mL) were stirred at room temperature for 18 h. 
Purification was performed using silica column chromatography with a 30% EtOAc/70% 
PE solvent mixture to provide a white solid. Following purification, a 40% yield (0.399 g) 
was obtained. 1H NMR (CDCl3, 600 MHz): 7.70 (d, J = 8.31 Hz, 4H), 7.53 (d, J = 8.16 Hz, 
4H), 7.11ppm (s, 1H).  13C{1H} NMR (CDCl3, 151 MHz): 157.90, 142.84, 133.01, 127.85, 









Hz, 1F), -159.30 ppm (m, 2F). This compound did not ionize well enough to acquire HRMS 
data.   
 
(2-methylphenyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate. Following general 
procedure (A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.450 g, 2.12 mmol), (2-
methylphenyl)(phenyl)methanol (0.420 g, 2.12 mmol), EDC•HCl (0.449 mg, 2.34 mmol), 
and DMAP (0.065 g, 0.53 mmol) in DCM (10 mL) were stirred at room temperature for 
18 h. Purification was performed using silica column chromatography with a 5% 
EtOAc/95% hexane solvent mixture to provide a colorless oil. Following purification, a 
55% yield (0.461 g) was obtained. 1H NMR (CDCl3, 600 MHz): 7.46-7.45 (m, 1H), 7.34-
7.30 (m, 4H), 7.28-7.26 (m obstructed by solvent, 1H), 7.22-7.20 (m, 2H), 7.15-5.14 (m, 
1H), 2.31 ppm (s, 3H).  13C{1H} NMR (CDCl3, 151 MHz): 158.32, 146.61, 144.93, 144.31, 
142.59, 138.72, 138.27, 137.03, 135.83, 130.90, 128.77, 128.32, 127.77, 127.09, 126.45, 
77.25 ppm. 19F NMR (CDCl3, 376 MHz): -137.55 (m, 2F), -148.17 (t, J = 20.94 Hz, 1F), -
















(1-naphthyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate. Phenylmagnesium 
bromide (3 M in diethyl ether, 2.60 mL, 7.68 mmol) was added to a solution of 1-naphthyl 
aldehyde (1.000 g, 6.400 mmol) in THF (50 mL) at 0 °C in a 100 mL Schlenk flask under 
a dinitrogen atmosphere. The reaction was warmed to room temperature and stirred for 18 
h. At this time, the reaction was quenched with aqueous ammonium chloride (15 mL). The 
aqueous layer was extracted three times with EtOAc (10 mL) and the combined organic 
layers were washed with concentrated aqueous sodium chloride (15 mL). The organic layer 
was dried over sodium sulfate, filtered, and concentrated to provide (1-
naphthyl)(phenyl)methanol, which was used as is for the synthesis of (1-
naphthyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate. Following general procedure (B), 
a mixture of 2,3,4,5,6-pentafluorobenzoyl chloride (313 µL, 2.17 mmol), (1-
naphthyl)(phenyl)methanol (0.508 g, 2.17 mmol), DMAP (13.2 mg, 0.108 mmol), and 
trimethylamine (363 µL, 2.60 mmol) in DCM (10 mL) were stirred at room temperature 
for 18 h. Purification was performed using silica column chromatography with a 20% 
EtOAc/80% hexanes solvent mixture to provide a white solid. Following purification, a 
36% yield (0.337 g) was obtained. 1H NMR (CDCl3, 600 MHz): 8.03-8.01 (m, 1H), 7.89-
7.87 (m, 3H), 7.69 (d, J = 7.12 HZ, 1H), 7.52-7.48 (m, 3H), 7.46 (d, J = 7.49 Hz, 2H), 7.37-
7.31 (m, 3H).  13C{1H} NMR (CDCl3, 151 MHz): 158.41, 138.58, 134.07, 130.59, 129.54, 
129.05, 128.83, 128.62, 127.66, 126.76, 126.05, 125.94, 125.36, 123.75, 77.50. 19F NMR 
(CDCl3, 376 MHz): -137.38 (m, 2F), -148.06 (t, J = 21.07 Hz, 1F), -160.15 ppm (m, 2F). 
HRMS (ESI+): 217.1014 [M-C7F5O2]+ . Calcd for [C17H13]: 217.1012.  
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(2-naphthyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate. Phenylmagnesium 
bromide (3M in diethyl ether, 2.60 mL, 7.68 mmol) was added to a solution of 2-naphthyl 
aldehyde (1.000 g, 6.400 mmol) in THF (50 mL) at 0 °C in a 100 mL Schlenk flask under 
a dinitrogen atmosphere. The reaction was warmed to room temperature and stirred for 18 
h. At this time, the reaction was quenched with aqueous ammonium chloride (15 mL). The 
aqueous layer was extracted three times with EtOAc (10 mL) and the combined organic 
layers were washed with concentrated aqueous sodium chloride (15 mL). The organic layer 
was dried over sodium sulfate, filtered, concentrated to provide (2-
naphthyl)(phenyl)methanol, which was used as is for the synthesis of (2-
naphthyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate. Following general procedure (B), 
a mixture of 2,3,4,5,6-pentafluorobenzoyl chloride (313 µL, 2.17 mmol), (2-
naphthyl)(phenyl)methanol (0.508 g, 2.17 mmol), DMAP (0.013 g, 0.11 mmol), and 
trimethylamine (363 µL, 2.60 mmol) in DCM (10 mL) were stirred at room temperature 
for 18 h. Purification was performed using silica column chromatography with a 20% 
EtOAc/80% hexanes solvent mixture to provide a white solid. Following purification, a 
23% yield (0.210 g) was obtained. 1H NMR (CDCl3, 400 MHz): 7.92 (br. s, 1H), 7.86-7.81 
(m, 3H), 7.51-7.46 (m, 5H), 7.40-7.33 (m, 3H) 7.29 ppm (s, 1H). 13C{1H} NMR (CDCl3, 
101 MHz): 139.00, 136.39, 133.19, 128.86, 128.80, 128.57, 128.36, 127.85, 127.36, 








-147.98 (t, J = 21.13 Hz, 1F), -160.15 ppm (m, 2F).  HRMS (ESI+): 217.1012 [M-C7F5O2]+. 
Calcd for [C17H13]: 217.1012.  
 
(phenyl)(2-pyridyl) methyl 2,3,4,5,6-pentafluorobenzoate. Following general 
procedure (A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.250 g, 1.18 mmol), (2-
pyridyl)(phenyl)methanol (0.218 g, 1.18 mmol), EDC•HCl (0.248 g, 1.30 mmol), and 
DMAP (0.036 g, 0.30 mmol) in DCM (5 mL) were stirred at room temperature for 18 h. 
Purification was performed using silica column chromatography with a 20% EtOAc/80% 
hexanes solvent mixture to provide a white solid. Following purification, a 61% yield 
(0.271 g) was obtained. 1H NMR (CDCl3, 400 MHz): 8.59 (br. d, J = 4.04Hz, 1H), 7.72 (t, 
J = 7.78 Hz, 1H), 7.50 (t, J = 8.63 Hz, 3H), 7.39-7.30 (m, 3H), 7.22 (m, 1H), 7.12 ppm (s, 
1H).  13C{1H} NMR (CDCl3, 151 MHz): 158.23, 149.75, 138.03, 137.16, 128.90, 128.79, 
127.58, 123.17, 120.93, 80.58 ppm. 19F NMR (CDCl3, 376 MHz): -137.24 (m, 2F), -147.88 
(t, J = 20.70 Hz, 1F), -160.20 ppm (m, 2F). HRMS (ESI+): 380.0721 [M+H]+. Calcd for 
















Bis(1-naphthyl)methyl 2,3,4,5,6-pentafluorobenzoate. Following general 
procedure (A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.500 g, 2.36 mmol), bis(1-
naphthyl)methanol (0.671 g, 2.36 mmol), EDC•HCl (0.497 g, 2.60 mmol), and DMAP 
(0.065 g, 0.53 mmol) in DCM (10 mL) were stirred at room temperature for 18 h. 
Purification was performed using silica column chromatography with 100% hexanes to 
provide a white solid. Following purification, a 19% yield (0.214 g) was obtained. 1H NMR 
(CDCl3, 400 MHz): 8.69 (s, 1H), 8.03-8.01 (m, 2H), 7.94-7.88 (m, 4H), 7.55-7.49 (m, 6H), 
7.44 ppm (t, J = 7.95 Hz, 2H).  13C{1H} NMR (CDCl3, 126 MHz): 134.02, 133.68, 131.03, 
129.72, 129.17, 127.11, 126.28, 126.21, 125.44, 123.23, 73.97 ppm. 19F NMR (CDCl3, 376 
MHz): -137.62 (m, 2F), -148.43 (t, J = 20.88, 4.43 Hz, 1F), -160.09 ppm (m, 2F). HRMS 
(ESI+): 267.117 [M-C7F5O2]+. Calcd for [C21H15]: 267.11683.  
 
(4-chlorophenyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate. Following general 
procedure (A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.500 g, 2.36 mmol), (4-
chlorophenyl)(phenyl)methanol (0.516 mg, 2.36 mmol), EDC•HCl (0.497 g, 2.60 mmol), 
and DMAP (0.065 g, 0.53 mmol) in DCM (10 mL) were stirred at room temperature for 
18 h. Purification was performed using silica column chromatography with a 5% 
EtOAc/95% hexanes solvent mixture to provide a white solid. Following purification, a 
52% yield (0.509 g) was obtained. 1H NMR (CDCl3, 500 MHz): 7.39-7.35 (m, 9H), 7.08 
ppm (s, 1H).  13C{1H} NMR (CDCl3, 151 MHz): 158.20, 146.71, 145.04, 144.66, 143.06, 








ppm. 19F NMR (CDCl3, 376 MHz): -137.41 (m, 2H), -147.68 (t, J = 15.67, 5.35 Hz, 1H), 
160.02 ppm (m, 2H). HRMS (ESI+): 201.0464 [M-C7F5O2]+. Calcd for [C13H10Cl]: 
201.0466.  
 
4-methylphenyl)(phenyl)methyl pentafluorobenzoate. Following general procedure 
(A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.343 g, 1.61 mmol), rac-(4-
methylphenyl)(phenyl)methanol (0.320 g, 1.61 mmol), EDC•HCl (0.340 g, 1.78 mmol), 
and DMAP (0.049 g, 0.40 mmol) in DCM (10 mL) were stirred at room temperature for 
18 h. Purification was performed using silica column chromatography with a 1% 
EtOAc/99% hexanes solvent mixture to provide a white solid at 8% yield (0.053 g). HPLC 
analysis was performed on Chiralpak AD-H chiral column under ambient temperature (0.7 
mL/min, 2.5% EtOH/Hexanes). 1H and 13C NMR data were consistent with that published 
in the literature.44 
 















(S)-(4-methylphenyl)(phenyl)methyl pentafluorobenzoate. To a 100 mL Schlenk 
flask containing phenylboronic acid (0.293 g, 2.40 mmol) and dry, degassed toluene (4 
mL), Et2Zn (7.20 mL, 1 M in hexanes, 7.20 mmol) was added dropwise under a flow of 
dinitrogen and stirred at 60 °C for 16 h. The reaction was cooled to room temperature, and 
a solution of (S)-(1-methyl-2-pyrrolidinyl) diphenylmethanol (0.027 mg, 0.10 mmol) in 
toluene (2 mL) was added and stirred at room temperature for 15 min. 4-
methylbenzaldehyde (118 µL, 1.019 g/mL, 0.120 g, 1.00 mmol) was then added under a 
flow of dinitrogen and the reaction mixture stirred at room temperature for 16 h. After the 
reaction was complete, it was quenched with water (10 mL), and the aqueous layer was 
extracted three times with DCM (10 mL) and the combined organic layers were dried over 
sodium sulfate or magnesium sulfate, filtered, and concentrated to provide (S)-(4-
methylphenyl)(phenyl)methano, which was used as is for the synthesis of (S)-(4-
methylphenyl)(phenyl)methyl pentafluorobenzoate.  
Following general procedure (A), a mixture of 2,3,4,5,6-pentafluorobenzoic acid (0.343 g, 
1.61 mmol), (S)-(4-methylphenyl)(phenyl)methanol (0.320 g, 1.61 mmol), EDC•HCl 
(0.340 g, 1.78 mmol), and DMAP (0.049 g, 0.40 mmol) in DCM (10 mL) were stirred at 
room temperature for 18 h. Purification was performed using silica column 
chromatography with a 1% EtOAc/99% PE solvent mixture to provide a white solid at 43% 
yield (0.272 g), 84% ee. Enantiomeric ratio was determined by HPLC analysis in 
comparison with a racemic sample. Chiralpak AD-H column, ambient temperature, 2.5% 
EtOH/Hexanes, 0.7 mL/min, major isomer: 7.730 min, minor isomer: 7.281 min.  1H NMR 
(CDCl3, 600 MHz): 7.42 (d, J = 7.63 Hz, 2H), 7.36 (t, J = 8.47 Hz, 2H), 7.32-7.29 (m, 3H), 
7.18 (d, J = 7.62Hz, 2H), 7.09 (s, 1H), 2.34 ppm (2, 3H).  13C{1H} NMR (CDCl3, 151 
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MHz): 158.29, 139.29, 138.41, 136.22, 129.50, 128.79, 128.39, 127.34, 127.16, 79.87, 
21.31 ppm. 19F NMR (CDCl3, 376 MHz): -137.52 (m, 2F), -148.23 (t, J = 21.13 Hz, 1F), -
160.31 ppm (m, 2F). 1H and 13C NMR data were consistent with that published in the 
literature for the racemic compound.44 [α]20D -7.91 (c 0.867, CHCl3). HRMS (ESI+): 
392.2865 [M+H]+. Calcd for [C21H13F5O2] 392.0836. 
 
(S)-(2-naphthyl)(phenyl)methyl pentafluorobenzoate. To a 100 mL Schlenk flask 
containing phenylboronic acid (0.293 g, 2.40 mmol) and dry, degassed toluene (4 mL), 
Et2Zn (7.20 mL, 1 M in hexanes, 7.20 mmol) was added dropwise under a flow of 
dinitrogen and stirred at 60 °C for 16 h. The reaction was cooled to room temperature, and 
a solution of (S)-(1-methyl-2-pyrrolidinyl) diphenylmethanol (0.027 mg, 0.10 mmol) in 
toluene (2 mL) was added and stirred at room temperature for 15 min. 2-naphthylaldehyde 
(118 µL, 1.019 g/mL, 0.120 g, 1.00 mmol) was then added under a flow of dinitrogen and 
the reaction mixture stirred at room temperature for 16 h. After the reaction was complete, 
it was quenched with water (10 mL), and the aqueous layer was extracted three times with 
DCM (10 mL) and the combined organic layers were dried over sodium sulfate or 
magnesium sulfate, filtered, and concentrated. Purification was performed using silica 
column chromatography with a 20% EtOAc/80% hexanes solvent mixture to provide (S)-
(2-naphthyl)(phenyl)methanol as a white solid in 88% yield (0.206 mg). 1H NMR data was 








mixture of 2,3,4,5,6-pentafluorobenzoyl chloride (313 µL, 2.17 mmol), (S)-(2-
naphthyl)(phenyl)methanol (0.192 g, 0.821 mmol), DMAP (0.005 g, 0.04 mmol), and 
trimethylamine (137 µL, 0.985 mmol) in DCM (10 mL) were stirred at room temperature 
for 18 h. Purification was performed using silica column chromatography with a 20% 
EtOAc/80% hexanes solvent mixture to provide a white solid at 36% yield (0.337 g). 
Obtaining chiral HPLC data was delayed due to limited access to the instrument during the 
COVID-19 pandemic. 1H NMR (CDCl3, 600 MHz): 7.92 (s, 1H), 7.86-7.82 (m, 3H), 7.51-
7.46 (m, 5H), 7.38 (t, J = 7.33 Hz, 2H), 7.33 (t, J = 7.17 Hz, 1H), 7.29 (s, 1H).  13C{1H} 
NMR (CDCl3, 151 MHz): 158.32, 139.01, 136.40, 133.24, 133.20, 128.86, 128.80, 128.57, 
128.37, 127.85, 127.37, 126.68, 126.63, 126.53, 124.83, 80.00 ppm. 19F NMR (CDCl3, 376 
MHz): -137.46 (m, 2F), -147.97 (m, 1F), -160.16 ppm (m, 2F). This compound did not 
ionize well enough to acquire HRMS data. [α]20D +11.76 (c 0.73, CHCl3).  
 
Synthesis of phenyl benzoate derivatives 
 
Phenyl 2,3,4,5,6-pentafluorobenzoate. Following general procedure (A), a mixture 
of 2,3,4,5,6-pentafluorobenzoic acid (0.500 g, 2.36 mmol), phenol (0.222 g, 2.36 mmol), 
EDC•HCl (0.497 g, 2.59 mmol), and DMAP (0.072 g, 0.59 mmol) in DCM (10 mL) were 
stirred at room temperature for 18 h. Purification was performed using silica column 
chromatography using a gradient of 100% hexanes to 20% EtOAc/80% hexanes solvent 








obtained. 1H NMR (CDCl3, 400 MHz): 7.46 (t, J = 8.00 Hz, 2H), 7.32 (t, J = 7.26 Hz, 1H), 
7.24 (d obstructed by solvent, 2H) ppm. 13C{1H} NMR (CDCl3, 101 MHz):	157.65, 150.16, 
147.15, 144.77, 142.50, 139.25, 136.69, 129.88, 126.92, 121.40 ppm. 19F NMR (CDCl3, 
376 MHz): -137.29 (m, 2F), -147.32 (t, J = 26.37, 10.42, 1F), -159.88 ppm (m, 2F). HRMS 
(ESI+): 289.0269 [M+H]+. Calcd for [C13H6F5O2] 289.0288. 
 
Phenyl 2-(diphenylphosphino)benzoate. Following general procedure (A), a 
mixture of 2-(diphenylphosphino)benzoic acid (0.500 g, 1.63 mmol), phenol (0.154 g, 1.63 
mmol), EDC•HCl (0.344 g, 1.80 mmol), and DMAP (0.050 g, 0.41 mmol) in DCM (10 
mL) were stirred at room temperature for 18 h. Purification was performed using silica 
column chromatography using 5% EtOAc/95% hexanes solvent mixture to provide a white 
solid. Following purification, a 23% yield (0.113 g) was obtained. 1H and 13C NMR data 
were consistent with that published in the literature.45 
 
Comparison of phenyl and benzyl benzoate in Pd-catalyzed Suzuki-Miyaura reactions 
(Figure 4.02). 
Ester (0.0500 mmol), (4-fluorophenyl)boronic acid (10.5 mg, 0.0750 mmol), and 
K2CO3 (13.8 mg, 0.100 mmol) were added to a 1 dram vial equipped with a magnetic stir 
bar. (η3-1-tBu-indenyl)Pd(IPr)(Cl) (0.35 mg, 0.00050 mmol) (added as a stock solution in 
THF), THF (0.4 mL) and water (0.1 mL) were added in a glovebox. The vial was stirred at 





time, the vial was opened to air and the mixture was filtered through a silica plug with 
EtOAc and the conversion was analyzed using GC-FID. The data is shown in Figure 4.02.  
 
Comparison of (diphenyl)methyl- acetate, benzoate, pentafluorobenzoate, chloride, and 
bromide (Figure 4.03). 
(diphenyl)methyl-X (0.0500 mmol), (4-methoxyphenyl)boronic acid (11.4 mg, 
0.0750 mmol), and K2CO3 (13.8 mg, 0.100 mmol) were added to a 1 dram vial equipped 
with a magnetic stir bar. (η3-1-tBu-indenyl)Pd(IPr)(Cl) (0.0005 mmol) (added as a stock 
solution in toluene), toluene (0.4 mL) and ethanol (0.1 mL) were added in a glovebox. The 
vial was stirred at room temperature for 6 h. At this time, the vial was opened to air and 
the mixture was filtered through a silica plug with EtOAc and the yield of product, as well 
as the yields of the side-products were analyzed using GC-FID. The data is shown in Figure 
4.03. 
 
Optimization of Pd-catalyzed Suzuki-Miyaura reaction of (diphenyl)methyl 
pentafluorobenzoate with 4-methoxyphenylboronic acid (Table 1 and S1). 
The following general procedure was used for reaction optimization of Pd-catalyzed 
Suzuki-Miyaura reactions of (diphenyl)methyl pentafluorobenzoate with 4-
methoxyphenylboronic acid: (diphenyl)methyl pentafluorobenzoate (0.0500 mmol), (4-
methoxyphenyl)boronic acid (0.0750 mmol), and base (0.100 mmol) were added to a 1 
dram vial equipped with a magnetic stir bar. Precatalyst (0.0005 mmol) (added as a stock 
solution in the given solvent) and solvent (0.5 mL) were added in a glovebox. The vial was 
stirred at the given temperature and time. At this time, the vial was opened to air and the 
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mixture was filtered through a silica plug with EtOAc and the conversion was analyzed 
using GC-FID. The results are provided in Tables 4.01 and 4.02. 
 
Entry Deviation from optimized condition Conversiona 
1 No change 85% 
2 No precatalyst 0%b 
3 24 h instead of 6 h >99% 
4 8 h instead of 6 h 85% 
5 40 °C instead of r.t. and 2 h instead of 6 h 94% 
6 40 °C instead of r.t. and 4 h instead of 6 h >99% 
7 H5C6COOCHPh2 instead of F5C6COOCHPh2 35% 
8 H3CCOOCHPh2 instead of F5C6COOCHPh2 28% 
9 H2O instead of EtOH 69% 
10 MeOH instead of EtOH 89%c 
11 iPrOH instead of EtOH 56% 
12 THF instead of toluene  43% 
13 1,4-Dioxane instead of toluene 39% 
14 Toluene/EtOH (1:4) instead of (4:1) 72%d 
15 K3PO4 instead of K2CO3 63% 
16 Na2CO3 instead of K2CO3 2% 
17 Cs2CO3 instead of K2CO3 27%e 
18 (η3-cinnamyl)Pd(IPr)Cl instead of (η3-1-tBu-indenyl)Pd(IPr)Cl 73% 
19 PEPPSI-IPr instead of (η3-1-tBu-indenyl)Pd(IPr)Cl 64% 
20 SIPr instead of IPr 62% 
21 IMes instead of IPr 16% 
22 IPr*OMe instead of IPr 40% 
23 PCy3 instead of IPr 2%f 
24 XPhos instead of IPr 3% 
25 SPhos instead of IPr 46%g 
Table 4.02. Optimization table for Pd-catalyzed Suzuki-Miyaura reaction of diarylmethyl 
2,3,4,5,6-pentafluorobenzoate with 4-methoxyphenylboronic acid.  aConversions are an 
average of two runs determined using GC-FID. b64% conversion to F5C6COOC2H5, 2% 
ArCOOC2H5, and 36% starting material remaining. c9% conversion to F5C6COOCH3. 
d21% conversion to F5C6COOC2H5 and 7% ArCOOC2H5. e36% conversion to 
F5C6COOC2H5 and 38% ArCOOC2H5. f 67% conversion to F5C6COOC2H5. g32% 



















Substrate scope for Pd-catalyzed Suzuki-Miyaura reactions of (diaryl)methyl 
pentafluorobenzoate and phenyl boronic acid (Figure 4.04) 
The following general procedure was used for reactions between (diaryl)methyl 
pentafluorobenzoate and phenyl boronic acids: (diaryl)methyl pentafluorobenzoate (0.200 
mmol), phenyl boronic acid (0.300 mmol), and K2CO3 (0.400 mmol) were added to a 1 
dram vial equipped with a magnetic stir bar. (η3-1-tBu-indenyl)Pd(IPr)(Cl) (0.0020 or 
0.0080 mmol) (added as a stock solution in toluene), toluene (1.6 mL) and ethanol or water 
(0.4 mL) were added in a glovebox. The vial was stirred at 40 or 80 °C for 4 or 16 h in a 
metal heating block on a hot plate fitted with a thermocouple. At this time, the vial was 
opened to air and the crude mixture was filtered through a silica plug and concentrated. 




triphenyl methane (4a/6a). Following the general procedure above, a mixture of 
(diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), phenyl boronic 
acid (36.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and (η3-1-tBu-
indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 mL) were 
stirred at 40 °C for 4 h. Purification was performed using silica column chromatography 
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with a 1% EtOAc/99% PE solvent mixture to provide a white solid in a yield of 96% (47.0 
mg). 1H and 13C NMR data were consistent with that published in the literature.11c  
 
9-phenylfluorene (4b). Following the general procedure above, a mixture of 9-
(2,3,4,5,6-pentafluorobenzoate)-9H-fluorene (75.3 mg, 0.200 mmol), phenyl boronic acid 
(36.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400  mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) 
(1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 mL) were stirred at 40 °C for 
4 h. Purification was performed using silica column chromatography with 100% hexanes 
to provide a white solid in a yield of 94% (45.5 mg). 1H and 13C NMR data were consistent 
with that published in the literature.46 
 
(4-methoxyphenyl)diphenylmethane (4c). Following the general procedure above, 
a mixture of (4-methoxyphenyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate (81.7 mg, 
0.200 mmol), phenyl boronic acid (36.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), 
and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol 
(0.4 mL) were stirred at 40 °C for 4 h. Purification was performed using silica column 
chromatography with 100% hexanes to 20% EtOAc/80% hexanes solvent mixture to 
provide a yellow oil in a yield of 77% (42.3 mg). 1H and 13C NMR data were consistent 




(4-trifluoromethylphenyl)diphenylmethane (4d). Following the general procedure 
above, a mixture of (4-trifluoromethylphenyl)(phenyl)methyl 2,3,4,5,6-
pentafluorobenzoate (89.3 mg, 0.200 mmol), phenyl boronic acid (36.6 mg, 0.300 mmol), 
K2CO3 (55.3 mg, 0.400 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) 
in toluene (1.6 mL) and ethanol (0.4 mL) were stirred at 40 °C for 4 h. Purification was 
performed using silica column chromatography with 100% hexanes to 2% EtOAc/98% 
hexanes solvent mixture to provide a colorless oil in a yield of 93% (58.0 mg). 1H and 13C 
NMR data were consistent with that published in the literature.47 
 
bis(4-cyanophenyl)phenylmethyl (4e). Following the general procedure above, a 
mixture of bis-(4-cyanophenyl)methyl 2,3,4,5,6-pentafluorobenzoate (85.7 mg, 0.200 
mmol), phenyl boronic acid (36.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 
mL) were stirred at 40 °C for 4 h. Purification was performed using silica column 
chromatography with 5% EtOAc/95% hexanes to 20% EtOAc/80% hexanes solvent 
mixtures to provide a white solid in a yield of 86% (50.5 mg). 1H NMR (CDCl3, 400 MHz): 





Hz, 2H), 5.63 ppm (s, 1H).  13C{1H} NMR (CDCl3, 101 MHz): 148.00, 141.09, 132.58, 
130.23, 129.34, 129.11, 127.60, 118.71, 111.11, 56.86 ppm. HRMS (ESI+): 295.1222 
[M+H]+. Calcd for [C21H15N2] 295.1235. 
 
(2-methylphenyl)diphenylmethane (4f). Following the general procedure above, a 
mixture of (2-methylphenyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate (78.5 mg, 
0.200 mmol), phenyl boronic acid (36.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), 
and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (5.6 mg, 0.0080 mmol) in toluene (1.6 mL) and water 
(0.4 mL) were stirred at 80 °C for 16 h. Purification was performed using silica column 
chromatography with 100% hexanes to provide a white solid in a yield of 87% (44.9 mg). 
1H and 13C NMR data were consistent with that published in the literature.12h  
 
(1-naphthyll)diphenylmethane (4g). Following the general procedure above, a 
mixture of (1-naphthyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate (85.7 mg, 0.200 
mmol), phenyl boronic acid (36.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (5.6 mg, 0.0080 mmol) in toluene (1.6 mL) and water (0.4 
mL) were stirred at 80 °C for 16 h. Purification was performed by recrystallization from 
EtOAc layered with hexanes in a 4 °C freezer. A final wash with hexanes and drying in 
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vacuo provided an off-white solid in a yield of 77% (45.5 mg). 1H and 13C NMR data were 
consistent with that published in the literature.48  
 
(di-naphth-1-yl)phenylmethane (4h). Following the general procedure above, a 
mixture of (di-naphth-1-yl)methyl 2,3,4,5,6-pentafluorobenzoate (95.7 mg, 0.200 mmol), 
phenyl boronic acid (36.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and (η3-1-tBu-
indenyl)Pd(IPr)(Cl) (5.6 mg, 0.0080 mmol) in toluene (1.6 mL) and water (0.4 mL) were 
stirred at 80 °C for 16 h. Purification was performed by recrystallization from DCM layered 
with hexanes in a 4 °C freezer. A final wash with hexanes and drying in vacuo provided an 
off-white solid in a yield of 87% (59.6 mg). 1H NMR (CDCl3, 500 MHz): 7.97 (d, J = 8.49 
Hz, 2H), 7.89 (d, J = 8.19 Hz, 2H), 7.77 (d, J = 8.16 Hz, 2H), 7.45 (t, J = 6.88 Hz, 2H), 
7.37 (t, J = 7.08 Hz, 2H), 7.33-7.22 (m obstructed by solvent, 5H), 7.17 (d, J = 6.99 Hz, 
2H), 6.94-6.91 (overlapping d and s, J = Hz, 3H).  13C{1H} NMR (CDCl3, 126 MHz): 
143.49, 139.98, 134.18, 131.93, 130.02, 128.91, 128.67, 127.92, 127.52, 126.68, 126.40, 
125.64, 125.48, 124.28, 49.67 ppm. This compound did not ionize well enough to acquire 
HRMS data.  
 
(2-naphthyl)diphenylmethane (4i). Following the general procedure above, a 
mixture of (2-naphthyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate (85.7 mg, 0.200 
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mmol), phenyl boronic acid (36.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 
mL) were stirred at 40 °C for 16 h. Purification was performed using silica preparatory 
TLC with 100% hexanes to provide a white solid in a yield of 81% (47.4 mg). 1H and 13C 
NMR data were consistent with that published in the literature.48  
 
(2-pyridyl)diphenylmethane (4j). Following the general procedure above, a 
mixture of (2-pyridyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.9 mg, 0.200 
mmol), phenyl boronic acid (36.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (5.6 mg, 0.0080 mmol) in toluene (1.6 mL) and water (0.4 
mL) were stirred at 80 °C for 16 h. Purification was performed using silica column 
chromatography with a 5% EtOAc/95% hexanes solvent mixture to provide a yellow oil in 
a yield of 49% (24.0 mg). 1H and 13C NMR data were consistent with that published in the 
literature.47 
 
Substrate scope for stereoselective Pd-catalyzed Suzuki-Miyaura reactions of chiral 
(diaryl)methyl pentafluorobenzoate and aryl boronic acids (Figure 4.05) 
The following general procedure was used for reactions between chiral 
(diaryl)methyl pentafluorobenzoate and aryl boronic acids. Control experiments using 
racemic substrates utilized the same procedure: (diaryl)methyl pentafluorobenzoate 
(0.0500 mmol), 4-methoxyphenyl boronic acid (0.0750 mmol), and K2CO3 (0.100 mmol) 
N
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were added to a 1 dram vial equipped with a magnetic stir bar. (η3-1-tBu-
indenyl)Pd(IPr)(Cl) (0.00050 mmol) (added as a stock solution in toluene), toluene (0.4 
mL) and ethanol (0.1 mL) were added in a glovebox. The vial was stirred at 40 °C for 4 h 
in a metal heating block on a hot plate fitted with a thermocouple. At this time, the vial was 
opened to air and the crude mixture was filtered through a silica plug and concentrated. 
Purification was performed using normal-phase preparatory TLC. 
 
(R)-(3-furyl)(2-naphthyl)(phenyl) methane (5a). Following the general procedure 
above, a mixture of (S)-(2-naphthyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate (21.4 
mg, 0.0500 mmol), 3-furyl boronic acid (8.4 mg, 0.0750 mmol), K2CO3 (13.8 mg, 0.100 
mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (0.35 mg, 0.00050 mmol) in toluene (0.4 mL) 
and ethanol (0.1 mL) were stirred at 40 °C for 16 h. Purification was performed using silica 
preparatory TLC with 100% hexanes to provide a yellow solid in a yield of 97% (13.8 mg), 
Obtaining chiral HPLC data was delayed due to limited access to the instrument during the 
COVID-19 pandemic. [α]20D -23.25 (c 0.400, CHCl3). 1H and 13C NMR data were 





(R)-(4-methylphenyl)(4-methoxyphenyl)(phenyl) methane (5b). Following the 
general procedure above, a mixture of (S)-(4-methylphenyl)(phenyl)methyl 2,3,4,5,6-
pentafluorobenzoate (19.6 mg, 0.0500 mmol), 4-methoxyphenyl boronic acid (11.4 mg, 
0.0750 mmol), K2CO3 (13.8 mg, 0.100 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (0.35 
mg, 0.00050 mmol) in toluene (0.4 mL) and ethanol (0.1 mL) were stirred at 40 °C for 4 
h. Purification was performed using silica preparatory TLC with a 1% EtOAc/99% PE 
solvent mixture to provide a white solid in a yield of 88% (12.6 mg), 76% ee, 90% es. 
Enantiomeric ratio was determined by HPLC analysis in comparison with a racemic sample 
(following the same procedure) using Chiralpak OD-H column, ambient temperature, 0.1% 
iPrOH/Hexanes, 0.8 mL/min, major isomer: 17.696 min, minor isomer: 16.558 min.  [α]20D 
-0.60 (c 1.000, CHCl3).  1H and 13C NMR data were consistent with that published in the 
literature.11c 
 
(R)-(4-methylphenyl)(2-naphthyl)(phenyl) methane (5c). Following the general 
procedure above, a mixture of (S)-(4-methylphenyl)(phenyl)methyl 2,3,4,5,6-
pentafluorobenzoate (19.6 mg, 0.0500 mmol), 2-naphthyl boronic acid (12.9  mg, 0.0750 
mmol), K2CO3 (13.8 mg, 0.100 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (0.35 mg, 
OMe
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0.00050 mmol) in toluene (0.4 mL) and ethanol (0.1 mL) were stirred at 40 °C for 16 h. 
Purification was performed using silica preparatory TLC with 100% hexanes to provide an 
off-white solid in a yield of 91% (14.0 mg), Obtaining chiral HPLC data was delayed due 
to limited access to the instrument during the COVID-19 pandemic. [α]20D -2.30 (c 0.818, 
CHCl3).  1H and 13C NMR data were consistent with that published in the literature.49 
 
Substrate scope for Pd-catalyzed Suzuki-Miyaura reactions of (diphenyl)methyl 
pentafluorobenzoate and aryl boronic acids (Figure 4.06) 
The following general procedure was used for reactions between (diphenyl)methyl 
pentafluorobenzoate and aryl boronic acids. 
(Diphenyl)methyl pentafluorobenzoate (0.200 mmol), aryl boronic acid (0.300 mmol), and 
K2CO3 (0.400 mmol) were added to a 1 dram vial equipped with a magnetic stir bar. (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (0.0020 or 0.0080 mmol) (added as a stock solution in toluene), 
toluene (1.6 mL) and ethanol (0.4 mL) were added in a glovebox. The vial was stirred at 
40 or 80 °C for 4 or 16 h in a metal heating block on a hot plate fitted with a thermocouple. 
At this time, the vial was opened to air and the crude mixture was filtered through a silica 
plug and concentrated. Purification was performed using normal-phase column 
chromatography or preparatory TLC to provide the yield. 
 OMe
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(4-methoxyphenyl)diphenylmethane (6b). Following the general procedure above, 
a mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), 4-
methoxyphenyl boronic acid (45.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 
mL) were stirred at 40 °C for 4 h. Purification was performed using silica column 
chromatography with a gradient of 100% PE to 20% EtOAc/80% PE solvent mixture to 
provide a colorless oil in a yield of 87% (47.5 mg). 1H and 13C NMR data were consistent 
with that published in the literature.11c  
 
(4-dimethylaminophenyl)diphenylmethane (6c). Following the general procedure 
above, a mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 
mmol), 4-dimethylaminophenyl boronic acid (49.5 mg, 0.300 mmol), K2CO3 (55.3 mg, 
0.400 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 
mL) and ethanol (0.4 mL) were stirred at 40 °C for 4 h. Purification was performed using 
silica column chromatography with a 1% EtOAc/99% PE solvent mixture to provide a 
beige solid in a yield of 96% (55.1 mg). 1H and 13C NMR data were consistent with that 





(4-fluorophenyl)diphenylmethane (6d). Following the general procedure above, a 
mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), 4-
fluorophenyl boronic acid (42.0 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 mL) 
were stirred at 40 °C for 4 h. Purification was performed using silica column 
chromatography with 100% hexanes to provide a white solid in a yield of 94% (49.5 mg). 
1H and 13C NMR data were consistent with that published in the literature.11c  
 
(4-trifluoromethylphenyl)diphenymethane (6e).  Following the general procedure 
above, a mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 
mmol), 4-trifluoromethylphenyl boronic acid (57.0 mg, 0.300 mmol), K2CO3 (55.3 mg, 
0.400 mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 
mL) and ethanol (0.4 mL) were stirred at 40 °C for 4 h. Purification was performed with a 
gradient of 100% hexanes to 5% EtOAc/95% hexanes solvent mixture to provide a 
colorless oil in a yield of 90% (56.2 mg). 1H and 13C NMR data were consistent with that 





(4-methylesterphenyl)(diphenyl) methane (6f). Following the general procedure 
above, a mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 
mmol), 4-methylesterphenyl boronic acid (54.0 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 
mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and 
ethanol (0.4 mL) were stirred at 40 °C for 8 h. Purification was performed using silica 
column chromatography with 5% EtOAc/95% hexanes solvent mixture to provide a white 
solid in a yield of 87% (52.4 mg). 1H and 13C NMR data were consistent with that published 
in the literature.47 
 
(4-acetylphenyl)diphenylmethane (6g). Following the general procedure above, a 
mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), 4-
acetylphenyl boronic acid (49.2 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 mL) 
were stirred at 40 °C for 4 h. Purification was performed using silica preparatory TLC with 
a 1% EtOAc/99% PE solvent mixture to provide a colorless oil at a yield of 70% (40.3 






(4-cyanophenyl)diphenylmethane (6h). Following the general procedure above, a 
mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), 4-
cyanophenyl boronic acid (49.2 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and (η3-
1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 mL) 
were stirred at 80 °C for 4 h. Purification was performed using silica preparatory TLC with 
a 1% EtOAc/99% hexanes solvent mixture to provide a yellow oil at a yield of 76% (40.9 
mg). 1H and 13C NMR data were consistent with that published in the literature.50 
 
(2-methylphenyl)diphenylmethane (6i). Following the general procedure above, a 
mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), 2-
methylphenyl boronic acid (40.8 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 
mL) were stirred at 40 °C for 8 h. Purification was performed using silica column 
chromatography with 100% hexanes to provide a white solid in a yield of 74% (38.4 mg). 




(1-naphthyl)diphenylmethane (6j). Following the general procedure above, a 
mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), 1-
naphthyl boronic acid (51.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and (η3-1-
tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 mL) 
were stirred at 40 °C for 4 h. Purification was performed using silica column 
chromatography with 100% hexanes to provide an off-white solid in a yield of 83% (48.7 
mg). 1H and 13C NMR data were consistent with that published in the literature.48  
 
(2-naphthyl)diphenylmethane (6k). Following the general procedure above, a 
mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), 2-
naphthyl boronic acid (51.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and (η3-1-
tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 mL) 
were stirred at 40 °C for 4 h. Purification was performed using silica preparatory TLC with 
100% PE to provide a white solid in a yield of 80% (47.2 mg). 1H and 13C NMR data were 
consistent with that published in the literature.48  
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(2,6-dimethoxyphenyl)diphenylmethane (6l). Following the general procedure 
above, a mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 
mmol), 2,6-dimethoxyphenyl boronic acid (54.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 
mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and 
ethanol (0.4 mL) were stirred at 40 °C for 16 h. Purification was achieved by sonicating 
the crude solid with 1M KOH(aq) for 15 min., removing the aqueous layer, washing the 
solid with cold EtOAc, and drying in vacuo to provide a white solid in a yield of 57% (34.7 
mg). 1H and 13C NMR data were consistent with that published in the literature.51  
 
(2-furyl)diphenylmethane (6n). Following the general procedure above, a mixture 
of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), 2-furyl boronic 
acid (33.6 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and (η3-1-tBu-
indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 mL) were 
stirred at 40 °C for 4 h. Purification was performed using silica column chromatography 
with a gradient of 100% PE to 10% EtOAc/90% PE solvent mixture to provide a yellow 
oil in a yield of 98% (45.8 mg). 1H and 13C NMR data were consistent with that published 






(3-thienyl)diphenylmethane (6o). Following the general procedure above, a 
mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), 3-
thienyl boronic acid (38.4 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and (η3-1-
tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 mL) 
were stirred at 40 °C for 4 h. Purification was performed using silica column 
chromatography with a gradient of 100% PE to 10% EtOAc/90% PE solvent mixture to 
provide an off-white solid in a yield of 97% (48.7 mg). 1H and 13C NMR data were 
consistent with that published in the literature.11c  
 
(benzo[b]thien-2-yl)diphenylmethane (6p). Following the general procedure 
above, a mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 
mmol), Benzo[b]thien-2-yl boronic acid (53.4 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 
mmol), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and 
ethanol (0.4 mL) were stirred at 40 °C for 16 h. Purification was performed using silica 
column chromatography with a gradient of 100% hexanes to 5% EtOAc/95% hexanes 
solvent mixture to provide an off-white solid in a yield of 80% (47.8 mg). 1H and 13C NMR 





(N-Boc-2-pyrrole)diphenylmethane (6q). Following the general procedure above, 
a mixture of (diphenyl)methyl 2,3,4,5,6-pentafluorobenzoate (75.7 mg, 0.200 mmol), N-
Boc-2-pyrrole boronic acid (63.3 mg, 0.300 mmol), K2CO3 (55.3 mg, 0.400 mmol), and 
(η3-1-tBu-indenyl)Pd(IPr)(Cl) (1.4 mg, 0.0020 mmol) in toluene (1.6 mL) and ethanol (0.4 
mL) were stirred at 40 °C for 16 h. Purification was performed using silica column 
chromatography with a 1% EtOAc/99% hexanes solvent mixture to provide an yellow oil 
in a yield of 70% (46.4 mg). 1H NMR (CDCl3, 600 MHz): 7.32 (m, 1H), 7.27 (t obstructed 
by solvent, J = 7.48 Hz, 4H), 7.21 (t, J = 7.18 Hz, 2H), 7.06 (d, J = 6.92 Hz, 4H), 6.08 (t, 
J = 3.48 Hz, 1H), 6.06 (s, 1H), 5.55 (br. s, 1H), 1.36 ppm (s, 9H). 13C{1H} NMR (CDCl3, 
151 MHz): 149.43, 143.78, 136.96, 129.22, 128.29, 126.41, 122.25, 115.54, 109.76, 83.85, 
50.37, 27.78 ppm. This compound did not ionize well enough to acquire HRMS data. 
 
Procedure for determination of NMR yields in substrate scopes (see above).  
The following general procedure was used to determine NMR yields for reactions 
between (diaryl)methyl 2,3,4,5,6-pentafluorobenzoate and aryl boronic acids. Catalyst 
loading, reagent equiv., temperature, and time areas described above: (diaryl)methyl 
pentafluorobenzoate (0.0500 mmol, 1 equiv.), aryl boronic acid (0.0750 mmol, 1.5 equiv.), 
K2CO3 (0.100 mmol, 2 equiv.), and (η3-1-tBu-indenyl)Pd(IPr)(Cl) (0.00050 or 0.0020 
mmol, added as a stock solution in toluene, 1 or 4 mol%) were added to a 1 dram vial 




added in a glovebox. The vial was stirred at 40 or 80 °C for 4 or 16 h in a metal heating 
block on a hot plate fitted with a thermocouple. At this time, the vial was opened to air, 
filtered through a silica plug, and concentrated. A 1H NMR spectrum was recorded in 
CDCl3 to determine the yield relative to hexamethylbenzene internal standard. 
 
 





Synthesis of oxidative addition complexes from (IPr)Pd(styrene)2 and esters. 
(IPr)Pd(styrene)2. (IPr)Pd(styrene)2 was synthesized using a modified literature 
procedure.53 (η3allyl)Pd(IPr)(Cl) (0.500 g, 0.873 mmol) and dry KOtBu (0.980 g, 8.73 
mmol) were added to a 250 mL Schlenk flask in a dinitrogen glovebox. The Schlenk flask 
was sealed and moved to a Schlenk line where methanol (10 mL) and styrene (2.00 mL, 
17.5 mmol) were added under a dinitrogen flow. The reaction was stirred at room 
temperature for 1 hour. At this time, under dinitrogen flow, the reaction mixture was 
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filtered using a cannula filter and the solid washed with water and methanol. Toluene was 
cannula transferred into the flask to dissolve the solid, the solution was cannula filtered 
into a clean Schlenk flask, and the solvent removed in vacuo. The solid was washed with 
hexanes, and dried in vacuo resulting in a beige solid in a yield of 60% (365.4 mg). 1H 
NMR data was consistent with that published in the literature.53 
 
(IPr)Pd(C(O)(2-PPh2-C6H4)(OPh) (Figure 4.07, compound 1). (IPr)Pd(styrene)2 
(20 mg, 0.028 mmol), 2-(diphenylphosphino)benzoate (16 mg, 0.043 mmol), and toluene 
(0.5 mL) were added to a 1 dram vial with a stir bar and stirred for 24 h at room temperature. 
At this time pentane was added and the reaction mixture stored at 4 °C, which caused the 
precipitation of a yellow solid. The solid was filtered, washed with pentane, and dried in 
vacuo to provide 1 in a yield of 75% (19 mg) 1H NMR (C6D6, 400 MHz): 7.84 (d, J = 7.79 
Hz, 1H), 7.31-7.27 (m, 4H), 7.20-7.10 (m obstructed by solvent, 7H), 6.97-6.91(m, 7H), 
6.79-6.76 (m, 3H), 6.66 (t, J = 7.48 Hz, 2H), 6.33 (t, J = 6.97 Hz, 1H), 6.00 (d, J = 7.89 
Hz, 2H), 3.86 (br m, 2H), 3.47 (br m, 2H), 1.38 (d, J = 6.22 Hz, 12H), 1.11 ppm (br m, 
12H). 13C{1H} NMR (C6D6, 101 MHz): 220.87, 189.21, 188.37, 172.29, 156.29, 155.90, 
139.62, 139.35, 136.82, 134.06, 133.98, 132.06, 132.01, 131.98, 131.78, 131.46, 131.26, 
130.00, 129.91, 128.36, 124.27, 123.75, 123.63, 123.33, 121.52, 111.58, 28.93, 28.42, 
26.58, 24.31, 22.57. 31P{1H} NMR (C6D6, 162 MHz): 50.38 ppm. IR (cm-1) 2961.7, 1632.6, 





751.8, 740.8, 691.1. Elemental analysis: Found (Calcd) for C52H55N2O2PPd: C 70.45 
(71.18); H 6.43 (6.32); N 3.09 (3.19). 
 
 (IPr)Pd(OOCC6F5)(CHPh2) (Scheme 4.01, compound 2). (IPr)Pd(styrene)2 (20 
mg, 0.028 mmol) and diphenylmethyl 2,3,4,5,6-pentafluorobenzoate (16 mg, 0.043 mmol) 
were added to a J-Young NMR tube with 0.50 mL C6D6. After leaving the reaction mixture 
for 24 h at room temperature and 4 h at 40 °C, pentane (2 mL) was added. The reaction 
was cooled at 4 °C and yellow precipitate formed, which was collected via filtration and 
washed with pentane. The resulting solid was dissolved in toluene, filtered, and 
concentrated in vacuo to give 2 as a yellow solid in a yield of 65% (16 mg). 1H NMR 
(C6D6, 600 MHz): 7.29 (t, J = 7.81 Hz, 2H), 7.14-7.10 (m, 8H), 7.06 (t, J = 7.33 Hz, 2H), 
7.03 (d, J = 7.04 Hz, 4H), 6.50 (s, 2H), 4.78 (s, 2H), 2.91 (sept, J = 6.79 Hz, 4H), 1.16 (d, 
J = 6.69 Hz, 12H), 1.01 ppm (d, J = 6.84 Hz, 12H). 13C{1H} NMR (C6D6, 151 MHz): 
177.04, 164.70, 146.06, 136.08, 135.76, 130.35, 130.21, 128.35, 126.07, 124.80, 124.59, 
123.98, 43.56, 29.06, 25.95, 22.66 ppm. 19F NMR (C6D6, 376 MHz): -139.62 (dd, J = 
24.23, 8.49 Hz, 2F) -158.24 (t, 21.23, 1F), -164.47 ppm (td, J = 24.16, 5.51 Hz, 2F). IR 
(cm-1): 2964.3, 1644.7, 1632.7, 1514.7, 1488.3, 1342.5, 1099.7, 987.2, 804.1, 748.7, 698.5, 
675.7. Due to the instability of this complex we did not obtain elemental analysis. 
Specifically, in the absence of excess ester, the product (compound 2) decomposes on 













(IPr)Pd(OOCC6F5)(CH(2-MePh)Ph). (IPr)Pd(styrene)2 (20 mg, 0.0284 mmol) and 
(2-methylphenyl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate (17 mg, 0.0426 mmol) 
were added to a J-Young NMR tube with 0.50 mL C6D6. After leaving the reaction mixture 
for 24 h at room temperature and 4 h at 40 °C, pentane (2 mL) was added. The reaction 
was cooled at 4 °C and yellow precipitate formed, which was collected via filtration and 
washed with pentane. The solid was dissolved in toluene, filtered, and concentrated in 
vacuo to give a yellow solid in a yield of 55% (13.8 mg). 1H NMR (C6D6, 400 MHz): 7.66 
(d, J = 7.56 Hz, 1H), 7.54 (t, J = 7.37 Hz, 1H), 7.30 (t, J = 7.73 Hz, 2H), 7.22 (d, J = 6.26 
Hz, 2H), 7.10 (t, J = 6.84 Hz, 1H), 7.00-6.96 (m, 6H), 6.87 (d, J = 5.87 Hz, 2H), 6.49 (s, 
2H), 5.06 (s, 1H), 3.21 (sep, J = 6.75 Hz, 2H), 2.61(sep, J = 6.84 Hz, 2H), 1.40 (s, 3H), 
1.18 (d, J = 6.67 Hz, 6H), 1.04-0.97 ppm (3 overlapping d, 18H). 13C{1H} NMR (C6D6, 
101 MHz): 179.62, 161.88, 146.67, 145.42, 140.31, 135.80, 133.55, 133.25, 131.80, 
130.46, 129.12, 127.58, 127.30, 125.47, 125.16, 124.95, 124.36, 123.93, 105.91, 44.06, 
28.91, 28.85, 26.17, 25.52, 23.07, 22.62, 19.19 ppm. 19F NMR (C6D6, 376 MHz): -139.20 
(dd, J = 15.82, 8.67 Hz, 2F), -159.23 (t, 21.15, 1F), -164.79 ppm (td, J = 21.23, 5.55 Hz, 
2F). IR (cm-1) 2963.1, 1644.1, 1634.1, 1515.6, 1487.9, 1456.0, 1344.7, 1327.2, 1098.2, 
988.6, 802.4, 750.0, 695.5. Due to the instability of this complex we did not obtain 











Comparing rates of oxidative addition of diphenylmethyl- and (2-
methylphenyl)(phenyl)methyl-2,3,4,5,6-pentafluorobenzoate (Figure 4.12) 
(IPr)Pd(styrene)2 (5 mg, 0.007 mmol), diarylmethyl 2,3,4,5,6-pentafluorobenzoate 
(0.007 mmol), and 1,2,3-trimethoxybenzene (0.6 mg, 0.004 mmol) internal standard (as 
stock solutions) were added to a J-Young NMR tube with 0.5 mL C6D6 and monitored over 
time using 1H NMR spectroscopy. The data is shown in Figure 4.12. 
 
X-ray crystallographic data for compound 1. 
 
Figure 4.13. Numbering scheme of compound 1 with 30% thermal ellipsoid probability 





Table 4.03. Crystal data and structure refinement for compound 1. 
Empirical formula  C104 H110 N4 O4 P2 Pd2 
Formula weight  1754.69 
Temperature  293(2) K 
Wavelength  1.54184 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 12.4427(5) Å a= 78.885(4)°. 
 b = 13.4487(5) Å b= 69.013(4)°. 
 c = 15.5459(7) Å g = 87.231(3)°. 
Volume 2382.68(18) Å3 
Z 1 
Density (calculated) 1.223 Mg/m3 
Absorption coefficient 3.756 mm-1 
F(000) 916 
Crystal size 0.1 x 0.1 x 0.05 mm3 
Crystal color and habit yellow block 
Diffractometer dtrek-CrysAlisPro-abstract goniometer 
imported rigaku-d*trek images 
Theta range for data collection 3.100 to 68.401°. 
Index ranges -14<=h<=14, -16<=k<=16, -18<=l<=18 
Reflections collected 83976 
Independent reflections 8536 [R(int) = 0.0953] 
	 208	
Observed reflections (I > 2sigma(I)) 7016 
Completeness to theta = 67.684° 98.2 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 1.00000 and 0.61398 
Solution method ShelXT (Sheldrick, 2015) 
Refinement method ShelXL (Sheldrick, 2015) 
Data / restraints / parameters 8536 / 0 / 531 
Goodness-of-fit on F2 1.041 
Final R indices [I>2sigma(I)] R1 = 0.0830, wR2 = 0.2129 
R indices (all data) R1 = 0.0984, wR2 = 0.2264 
Extinction coefficient n/a 
Largest diff. peak and hole 3.096 and -1.229 e.Å-3 
 
Table 4.04.  Atomic coordinates (x104) and equivalent isotropic displacement parameters 
(Å2 x 103) for compound 1.  U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 
________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________  
Pd(1) 1844(1) 2673(1) 7158(1) 38(1) 
P(1) 2860(1) 1594(1) 6200(1) 39(1) 
O(1) 441(4) 2812(3) 6689(4) 44(1) 
O(2) 3182(4) 2798(4) 8296(4) 46(1) 
	 209	
N(1) 1644(5) 4739(4) 7786(4) 40(1) 
N(2) 193(5) 3776(4) 8678(4) 41(1) 
C(45) 4315(6) 2217(5) 6932(5) 41(2) 
C(2) 956(6) 5277(5) 8452(5) 44(2) 
C(3) 54(6) 4679(5) 9013(6) 45(2) 
C(40) 4293(5) 1765(4) 6204(5) 39(2) 
C(46) 3186(6) 2588(5) 7563(5) 42(2) 
C(37) 2318(7) -1873(5) 6895(5) 50(2) 
C(28) 2946(6) 1889(5) 4988(5) 42(2) 
C(41) 5322(6) 1426(5) 5602(6) 46(2) 
C(36) 3194(7) -1445(5) 7050(6) 55(2) 
C(33) 2452(6) 2780(5) 4680(6) 47(2) 
C(44) 5357(6) 2295(5) 7079(6) 49(2) 
C(47) -86(6) 1963(5) 6686(5) 42(2) 
C(35) 3361(7) -415(5) 6861(6) 51(2) 
C(1) 1185(6) 3796(5) 7934(5) 39(1) 
C(38) 1589(7) -1253(5) 6550(6) 49(2) 
C(34) 2644(6) 223(5) 6488(5) 40(1) 
C(9) 3609(6) 5370(5) 7309(6) 49(2) 
C(43) 6345(6) 1935(5) 6495(6) 48(2) 
C(13) 3561(7) 5175(5) 8317(6) 51(2) 
C(42) 6337(6) 1515(5) 5747(6) 49(2) 
C(4) 2680(6) 5175(4) 7051(5) 44(2) 
	 210	
C(16) -642(6) 2957(5) 9140(5) 41(2) 
C(39) 1741(6) -206(5) 6348(5) 46(2) 
C(5) 2713(7) 5429(5) 6125(6) 54(2) 
C(52) -500(6) 1205(5) 7496(6) 51(2) 
C(17) -1661(6) 3040(6) 8934(6) 52(2) 
C(31) 3105(6) 2421(6) 3116(6) 52(2) 
C(14) 3437(7) 6184(6) 8671(6) 57(2) 
C(27) 1224(8) 1088(6) 9779(7) 68(2) 
C(48) -275(6) 1833(5) 5888(6) 48(2) 
C(25) 682(6) 2106(6) 9962(6) 51(2) 
C(30) 3580(7) 1529(6) 3421(6) 53(2) 
C(29) 3488(6) 1261(5) 4341(6) 49(2) 
C(50) -1214(7) 194(6) 6690(7) 63(2) 
C(49) -800(7) 942(6) 5866(7) 56(2) 
C(8) 4604(7) 5811(6) 6589(7) 62(2) 
C(6) 3736(8) 5845(6) 5447(6) 62(2) 
C(51) -1053(7) 345(6) 7470(7) 56(2) 
C(12) 1912(10) 5378(6) 4846(6) 70(3) 
C(22) -1844(7) 3901(7) 8214(6) 61(2) 
C(10) 1635(8) 5288(5) 5887(6) 58(2) 
C(18) -2510(7) 2298(7) 9452(7) 66(2) 
C(21) -445(7) 2198(6) 9797(6) 56(2) 
C(32) 2536(7) 3035(6) 3750(6) 54(2) 
	 211	
C(26) 586(10) 2249(7) 10876(8) 81(3) 
C(7) 4677(8) 6020(7) 5682(7) 68(2) 
C(11) 720(8) 6063(6) 6249(7) 67(2) 
C(20) -1342(7) 1492(6) 10318(8) 72(3) 
C(23) -2535(8) 4761(7) 8663(7) 65(2) 
C(15) 4616(7) 4630(7) 8441(8) 70(3) 
C(19) -2343(7) 1547(6) 10146(8) 72(3) 
C(24) -2426(9) 3541(10) 7609(8) 86(3) 
 
Table 4.05. Bond lengths [Å] and angles [°] for compound 1. 
_____________________________________________________  
Pd(1)-P(1)  2.2860(17) 
Pd(1)-O(1)  2.108(4) 
Pd(1)-C(46)  1.975(7) 
Pd(1)-C(1)  2.069(6) 
P(1)-C(40)  1.812(7) 
P(1)-C(28)  1.814(7) 
P(1)-C(34)  1.821(6) 
O(1)-C(47)  1.346(8) 
O(2)-C(46)  1.225(8) 
N(1)-C(2)  1.386(9) 
N(1)-C(1)  1.361(8) 
N(1)-C(4)  1.439(9) 
	 212	
N(2)-C(3)  1.391(8) 
N(2)-C(1)  1.354(9) 
N(2)-C(16)  1.441(9) 
C(45)-C(40)  1.391(10) 
C(45)-C(46)  1.523(9) 
C(45)-C(44)  1.407(10) 
C(2)-C(3)  1.335(10) 
C(40)-C(41)  1.404(9) 
C(37)-C(36)  1.370(11) 
C(37)-C(38)  1.382(11) 
C(28)-C(33)  1.402(9) 
C(28)-C(29)  1.402(10) 
C(41)-C(42)  1.374(10) 
C(36)-C(35)  1.370(10) 
C(33)-C(32)  1.386(11) 
C(44)-C(43)  1.373(10) 
C(47)-C(52)  1.407(11) 
C(47)-C(48)  1.386(10) 
C(35)-C(34)  1.404(10) 
C(38)-C(39)  1.388(9) 
C(34)-C(39)  1.390(9) 
C(9)-C(13)  1.517(11) 
C(9)-C(4)  1.402(10) 
	 213	
C(9)-C(8)  1.400(12) 
C(43)-C(42)  1.390(11) 
C(13)-C(14)  1.541(10) 
C(13)-C(15)  1.528(11) 
C(4)-C(5)  1.400(11) 
C(16)-C(17)  1.411(10) 
C(16)-C(21)  1.377(11) 
C(5)-C(6)  1.387(12) 
C(5)-C(10)  1.542(12) 
C(52)-C(51)  1.388(10) 
C(17)-C(22)  1.517(12) 
C(17)-C(18)  1.394(12) 
C(31)-C(30)  1.388(11) 
C(31)-C(32)  1.383(11) 
C(27)-C(25)  1.528(11) 
C(48)-C(49)  1.404(10) 
C(25)-C(21)  1.509(11) 
C(25)-C(26)  1.432(13) 
C(30)-C(29)  1.369(11) 
C(50)-C(49)  1.414(13) 
C(50)-C(51)  1.351(13) 
C(8)-C(7)  1.354(13) 
C(6)-C(7)  1.388(13) 
	 214	
C(12)-C(10)  1.510(12) 
C(22)-C(23)  1.533(12) 
C(22)-C(24)  1.531(12) 
C(10)-C(11)  1.534(12) 
C(18)-C(19)  1.396(14) 
C(21)-C(20)  1.400(11) 









































































































Table 4.06. Anisotropic displacement parameters (Å2 x 103) for compound 1.  The 
anisotropic displacement factor exponent takes the form:  -2p2[h2 a*2U11 + ...  + 2 h k a* 
b* U12] 
________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
________________________________________________________________________  
Pd(1) 32(1)  24(1) 64(1)  -14(1) -22(1)  6(1) 
P(1) 34(1)  25(1) 64(1)  -14(1) -21(1)  6(1) 
	 219	
O(1) 36(2)  27(2) 77(3)  -17(2) -28(2)  7(2) 
O(2) 42(3)  40(3) 65(3)  -18(2) -25(2)  10(2) 
N(1) 35(3)  25(3) 70(4)  -16(2) -26(3)  9(2) 
N(2) 31(3)  38(3) 66(4)  -15(3) -29(3)  9(2) 
C(45) 34(3)  29(3) 65(4)  -12(3) -24(3)  8(3) 
C(2) 40(4)  32(3) 74(5)  -24(3) -32(3)  8(3) 
C(3) 35(3)  41(4) 72(5)  -30(3) -24(3)  9(3) 
C(40) 34(3)  24(3) 62(4)  -14(3) -17(3)  11(2) 
C(46) 35(3)  28(3) 64(4)  -13(3) -19(3)  11(3) 
C(37) 54(4)  25(3) 66(5)  -10(3) -16(4)  6(3) 
C(28) 40(4)  30(3) 60(4)  -8(3) -22(3)  0(3) 
C(41) 35(4)  39(4) 69(5)  -22(3) -18(3)  7(3) 
C(36) 48(4)  30(3) 84(6)  -4(3) -25(4)  7(3) 
C(33) 42(4)  34(3) 68(5)  -14(3) -22(3)  7(3) 
C(44) 41(4)  43(4) 65(5)  -16(3) -19(3)  7(3) 
C(47) 33(3)  32(3) 66(4)  -16(3) -21(3)  7(3) 
C(35) 50(4)  39(4) 68(5)  -6(3) -27(4)  0(3) 
C(1) 33(3)  36(3) 56(4)  -13(3) -25(3)  3(3) 
C(38) 49(4)  30(3) 73(5)  -16(3) -23(4)  -1(3) 
C(34) 37(3)  26(3) 58(4)  -9(3) -19(3)  2(3) 
C(9) 44(4)  26(3) 80(5)  -21(3) -21(4)  8(3) 
C(43) 37(4)  38(4) 73(5)  -16(3) -24(3)  7(3) 
C(13) 47(4)  32(3) 87(6)  -15(3) -36(4)  3(3) 
	 220	
C(42) 34(4)  41(4) 74(5)  -19(3) -20(3)  13(3) 
C(4) 47(4)  20(3) 69(5)  -13(3) -24(3)  3(3) 
C(16) 33(3)  35(3) 59(4)  -19(3) -16(3)  7(3) 
C(39) 42(4)  27(3) 74(5)  -16(3) -24(3)  7(3) 
C(5) 68(5)  24(3) 79(5)  -20(3) -34(4)  8(3) 
C(52) 46(4)  36(4) 78(5)  -15(3) -27(4)  7(3) 
C(17) 41(4)  51(4) 73(5)  -28(4) -25(4)  8(3) 
C(31) 47(4)  44(4) 69(5)  -13(4) -23(4)  -6(3) 
C(14) 59(5)  45(4) 76(5)  -15(4) -33(4)  2(4) 
C(27) 51(5)  50(5) 97(7)  -12(4) -21(5)  16(4) 
C(48) 37(4)  39(4) 78(5)  -18(3) -29(4)  6(3) 
C(25) 37(4)  48(4) 72(5)  -9(4) -25(3)  10(3) 
C(30) 48(4)  45(4) 69(5)  -21(4) -21(4)  7(3) 
C(29) 47(4)  34(3) 74(5)  -19(3) -26(4)  8(3) 
C(50) 43(4)  42(4) 116(7)  -25(5) -39(5)  6(3) 
C(49) 42(4)  52(4) 93(6)  -33(4) -37(4)  18(3) 
C(8) 51(5)  40(4) 98(7)  -25(4) -23(4)  0(3) 
C(6) 83(6)  35(4) 57(5)  -6(3) -12(4)  -2(4) 
C(51) 41(4)  37(4) 89(6)  -14(4) -20(4)  -2(3) 
C(12) 108(8)  39(4) 77(6)  -6(4) -50(6)  -6(4) 
C(22) 38(4)  83(6) 75(5)  -26(5) -30(4)  14(4) 
C(10) 81(6)  30(4) 73(5)  -10(3) -41(5)  2(4) 
C(18) 38(4)  57(5) 114(7)  -38(5) -26(4)  -1(4) 
	 221	
C(21) 44(4)  35(4) 86(6)  -14(4) -18(4)  4(3) 
C(32) 51(4)  39(4) 75(5)  -8(4) -26(4)  3(3) 
C(26) 96(8)  60(6) 103(8)  1(5) -67(6)  17(5) 
C(7) 65(6)  49(5) 83(7)  -19(4) -14(5)  -9(4) 
C(11) 80(6)  48(5) 97(7)  -21(4) -58(5)  14(4) 
C(20) 51(5)  36(4) 109(7)  -5(4) -10(5)  3(3) 
C(23) 62(5)  61(5) 91(6)  -18(4) -48(5)  11(4) 
C(15) 52(5)  52(5) 125(8)  -26(5) -50(5)  5(4) 
C(19) 41(5)  43(4) 117(8)  -16(5) -10(5)  -4(4) 




All stationary points were fully optimized and characterized using harmonic 
vibrational frequency calculations with M06 functional54 including dispersion55 in 
combination with def2SVP basis set56 including solvation by tetrahydrofuran (THF) with 
the continuum SMD model.57 Frequency calculations were also used to determine the 
thermochemistry corrections. Single-point calculations were performed at the 
DFT(M06)/SMD(THF)/def2TZVP level on the DFT-(M06)/SMD(MTHF)/def2SVP-
optimized geometries with the aim of refining the potential energies. The geometry 
optimizations, frequencies and single-point calculations, calculated within the DFT 





Figure S4.14. DFT energy profiles for the oxidative addition pathways corresponding to the O–CAr bond 
cleavage of phenyl benzoate (TSPh(O-CAr)-2) and the O–CBz bond cleavage of benzyl benzoate (TSPh(O-CBz)-
2) via 3-membered metallacycles. Note: Figures 10 and 11 show the pathways via 5-membered metallacycles.  
DFT-optimized coordinates (Cartesians, in Å) 
RPh(CAc-O) E=-1938.576099 
 Pd                 0.00290200    0.27242200   -0.70348400 
 N                  0.99295300   -2.39022600    0.33992000 
 N                  2.37449800   -0.82143100    0.81575800 
 C                 -2.57788700    0.90903800   -1.56343600 
 C                  1.17913400   -1.04623700    0.20006800 
 C                 -1.04033200   -3.80892500    3.31970200 
 H                 -0.26081600   -4.54200100    3.05131700 
 H                 -2.00822400   -4.34071900    3.32537600 
 H                 -0.84169900   -3.46890600    4.35037600 
 C                 -2.10216600   -1.59554200    2.75412500 



















































 H                 -1.88853600   -1.19538400    3.76063500 
 H                 -3.11905500   -2.02507200    2.78285300 
 C                 -1.06061700   -2.63007200    2.35407600 
 H                 -0.07635600   -2.13294800    2.41856600 
 C                 -1.25712100   -3.09957700    0.92713300 
 C                 -0.23423400   -3.02021900   -0.03489600 
 C                 -0.40655100   -3.44395600   -1.36135900 
 C                  0.69185700   -3.32647000   -2.39628900 
 H                  1.59725100   -2.94642800   -1.88827000 
 C                  0.32199300   -2.31434200   -3.47475900 
 H                  0.13590100   -1.31788400   -3.03113600 
 H                 -0.58906700   -2.61666200   -4.02048000 
 H                  1.13621900   -2.21469200   -4.21290400 
 C                  1.03790800   -4.68266100   -2.99835000 
 H                  1.30020800   -5.41952100   -2.22041600 
 H                  1.89749500   -4.59622900   -3.68395400 
 H                  0.19646900   -5.09695900   -3.58091500 
 C                 -1.65608800   -3.95999600   -1.71789200 
 H                 -1.82700600   -4.28805700   -2.74891300 
 C                 -2.68698200   -4.04690200   -0.78833900 
 H                 -3.66047600   -4.44517100   -1.09048700 
 C                 -2.48753000   -3.62447300    0.52248300 
 H                 -3.30847000   -3.69091900    1.24492200 
	 224	
 C                  2.04782200   -2.98791700    1.01512900 
 H                  2.07549000   -4.05808600    1.21541600 
 C                  2.92324200   -1.99552500    1.31559700 
 H                  3.88559700   -2.01318600    1.82549300 
 C                  5.77858900   -0.03989900   -1.42431400 
 H                  6.32284400   -0.36540000   -0.52206400 
 H                  6.18186900    0.94268800   -1.72389900 
 H                  6.02072000   -0.74604500   -2.23581600 
 C                  3.53204000    0.45419800   -2.44914800 
 H                  2.43820500    0.47390600   -2.28230800 
 H                  3.73607700   -0.22856200   -3.29172800 
 H                  3.84375400    1.46894100   -2.75530800 
 C                  4.27521400    0.00749100   -1.19216600 
 H                  3.94329900   -1.02152000   -0.96423600 
 C                  3.88792300    0.89292400   -0.02590300 
 C                  2.94134800    0.48684400    0.92688100 
 C                  2.47245800    1.33977700    1.94635300 
 C                  1.41834900    0.88179100    2.93333200 
 H                  0.76862400    0.16628300    2.39742000 
 C                  2.05122800    0.14851100    4.11219700 
 H                  2.64612300   -0.72189900    3.78895200 
 H                  1.27612000   -0.21834600    4.80731400 
 H                  2.72234800    0.81858200    4.67924600 
	 225	
 C                  0.51886700    2.00841200    3.41639600 
 H                 -0.32095300    1.59792900    4.00124800 
 H                  0.09250100    2.57897700    2.57295300 
 H                  1.04960100    2.71938900    4.07349000 
 C                  3.01411300    2.62592800    2.00895800 
 H                  2.67564300    3.31798400    2.78593300 
 C                  3.97087600    3.04646800    1.08850700 
 H                  4.37958300    4.05955600    1.15380300 
 C                  4.39793400    2.19196700    0.07918300 
 H                  5.13117500    2.54485600   -0.65353600 
 O                 -1.41731500    1.68235700   -1.66090100 
 O                 -2.89382200    0.26210200   -2.50086400 
 C                 -3.29977300    0.95292700   -0.27049500 
 C                 -4.47212900    0.19089200   -0.18235400 
 C                 -2.87186400    1.69251700    0.84228000 
 H                 -4.78891000   -0.39107500   -1.05175600 
 H                 -1.94500000    2.27079800    0.80845300 
 C                 -5.21401000    0.17646000    0.99344400 
 C                 -3.62217100    1.68163700    2.01242100 
 H                 -6.12682000   -0.42283800    1.05413400 
 H                 -3.28391100    2.26230300    2.87530700 
 C                 -4.79344800    0.92742600    2.09013600 
 H                 -5.37819800    0.92110500    3.01481500 
	 226	
 C                 -1.38777900    3.05255300   -1.49171300 
 C                 -2.47840100    3.84396700   -1.83888700 
 C                 -0.20685400    3.60738600   -1.00409600 
 H                 -3.38819100    3.38856100   -2.24344200 
 H                  0.62648000    2.93771200   -0.75061400 
 C                 -2.38597000    5.22373200   -1.66082900 
 C                 -0.12916000    4.98702300   -0.84077900 
 H                 -3.24023200    5.85441200   -1.92358300 
 H                  0.79417100    5.42799900   -0.45335900 
 C                 -1.21850300    5.79853300   -1.16152100 
 H                 -1.15547300    6.88187600   -1.02606800 
 
TSPh(CAc-O) E=-1938.563917  
 Pd                -0.13745400    0.19906100   -1.07041700 
 N                  2.27452200    0.27145300    0.89822500 
 N                  0.89211100    1.88792700    1.15915700 
 C                 -0.44989700   -1.81778800   -1.48735900 
 C                  1.09209700    0.75225700    0.43752400 
 C                  2.60046200   -1.97127600    3.56083500 
 H                  3.16014900   -1.02292100    3.53384800 
 H                  3.33813600   -2.78760800    3.66007300 
 H                  1.97924200   -1.96743700    4.47244400 
 C                  0.93671800   -3.46623900    2.45665500 
	 227	
 H                  0.37801600   -3.70642200    1.53752700 
 H                  0.21051100   -3.37344700    3.28115000 
 H                  1.58168600   -4.32973700    2.69549200 
 C                  1.73994200   -2.18243700    2.31679600 
 H                  1.02009100   -1.34415100    2.24947300 
 C                  2.59625800   -2.14252200    1.06765500 
 C                  2.88060500   -0.93085200    0.41013700 
 C                  3.70513400   -0.85228600   -0.72258900 
 C                  3.96207900    0.45135100   -1.44943200 
 H                  3.56578700    1.27438800   -0.82700100 
 C                  3.21006200    0.48106500   -2.77616500 
 H                  2.12096800    0.35869000   -2.62329500 
 H                  3.54540400   -0.33224900   -3.44356900 
 H                  3.37924500    1.43602200   -3.30226200 
 C                  5.44907400    0.71255500   -1.65179000 
 H                  6.00309900    0.68669600   -0.69849800 
 H                  5.60727900    1.70507700   -2.10552100 
 H                  5.90896100   -0.02915100   -2.32741800 
 C                  4.25542700   -2.04506100   -1.20365200 
 H                  4.89337700   -2.02363700   -2.09343700 
 C                  3.98872200   -3.25675100   -0.57854700 
 H                  4.42143100   -4.18036600   -0.97472400 
 C                  3.16761200   -3.30505700    0.54474700 
	 228	
 H                  2.96537000   -4.26851600    1.02205100 
 C                  2.81843200    1.10505700    1.86539000 
 H                  3.78060600    0.89798100    2.33130000 
 C                  1.94373400    2.12915000    2.03011900 
 H                  1.97492000    3.00854600    2.67168500 
 C                  1.54195500    5.33840300   -0.83617700 
 H                  1.80936900    5.61726500    0.19701200 
 H                  0.81628600    6.08239500   -1.20761800 
 H                  2.44978400    5.43051200   -1.45525000 
 C                  0.62310100    3.53595300   -2.33836500 
 H                  0.25743600    2.49163000   -2.39617600 
 H                  1.49613400    3.62559600   -3.00610700 
 H                 -0.17142300    4.18757700   -2.74236000 
 C                  0.98663000    3.92184200   -0.90813800 
 H                  1.78691000    3.23670800   -0.57503600 
 C                 -0.20571700    3.73532400    0.00598800 
 C                 -0.25196000    2.73320400    0.98834300 
 C                 -1.38759200    2.50334500    1.78756600 
 C                 -1.41336300    1.40859700    2.83296800 
 H                 -0.68336900    0.63692800    2.52385500 
 C                 -0.96962200    1.95104400    4.18881100 
 H                  0.03904600    2.39352500    4.14882100 
 H                 -0.95587800    1.14991100    4.94679500 
	 229	
 H                 -1.66325800    2.73558000    4.54029700 
 C                 -2.77164700    0.73138100    2.94976100 
 H                 -2.69783800   -0.15526500    3.60139100 
 H                 -3.16052000    0.40597700    1.96900800 
 H                 -3.52626100    1.39695800    3.40297900 
 C                 -2.49019800    3.34002200    1.59653200 
 H                 -3.39112900    3.19339000    2.20026900 
 C                 -2.46358400    4.35468300    0.64343400 
 H                 -3.33848000    4.99795600    0.50949000 
 C                 -1.33613800    4.54589100   -0.14616800 
 H                 -1.33312800    5.33523900   -0.90521600 
 O                 -1.53357400   -0.82406800   -2.36858400 
 O                  0.38614900   -2.30217700   -2.20423100 
 C                 -1.22753200   -2.56545100   -0.45004800 
 C                 -1.32179100   -3.95119900   -0.61880300 
 C                 -1.88367700   -1.95701900    0.62322900 
 H                 -0.79429800   -4.41861300   -1.45577900 
 H                 -1.78443000   -0.87500500    0.76583400 
 C                 -2.09343900   -4.71323600    0.25438300 
 C                 -2.65528400   -2.71945300    1.49484800 
 H                 -2.17106200   -5.79499900    0.10968900 
 H                 -3.17468100   -2.23165700    2.32553000 
 C                 -2.76876200   -4.09725200    1.30737500 
	 230	
 H                 -3.38101300   -4.69443800    1.98984800 
 C                 -2.83497100   -0.70540400   -2.02028500 
 C                 -3.71666300   -1.77289200   -2.23657900 
 C                 -3.32057600    0.47620200   -1.44390800 
 H                 -3.33278800   -2.68649100   -2.70212500 
 H                 -2.62301300    1.31104900   -1.29524600 
 C                 -5.04514400   -1.67518000   -1.83150300 
 C                 -4.65197000    0.56918200   -1.04699300 
 H                 -5.71892500   -2.52366500   -1.98764300 
 H                 -5.00988700    1.49513200   -0.58426700 
 C                 -5.51863900   -0.51021300   -1.22582000 
 H                 -6.56128700   -0.44111700   -0.90195800 
 
PPh(CAc-O) E=-1938.584278 
 Pd                -0.30487100    0.16062200   -1.07206300 
 N                  2.01446800    1.03004800    0.87012900 
 N                  0.12816300    2.00747200    1.15509200 
 C                  0.73511900   -1.50303100   -1.24090100 
 C                  0.73748900    1.04280000    0.41887900 
 C                  3.07903700   -0.89433500    3.57230300 
 H                  3.23263100    0.19556600    3.53647300 
 H                  4.06959100   -1.36418800    3.70656900 
 H                  2.47677000   -1.11856000    4.46895200 
	 231	
 C                  2.15119300   -2.92913900    2.47467600 
 H                  1.77274600   -3.38904400    1.54779700 
 H                  1.40902500   -3.10930900    3.27025700 
 H                  3.06986500   -3.46706700    2.76601800 
 C                  2.40002700   -1.43657600    2.31631900 
 H                  1.41495700   -0.93963000    2.22148700 
 C                  3.20561000   -1.08909000    1.08000800 
 C                  3.03161800    0.13358300    0.40423000 
 C                  3.79327900    0.50833200   -0.71166800 
 C                  3.57130100    1.82105300   -1.43519600 
 H                  2.95328300    2.46759100   -0.78513600 
 C                  2.79755700    1.60822100   -2.73304300 
 H                  1.80955400    1.14748300   -2.55288200 
 H                  3.35049500    0.94301200   -3.41952500 
 H                  2.64172600    2.56931300   -3.25202200 
 C                  4.87705300    2.56116400   -1.69537600 
 H                  5.45981700    2.70525300   -0.77032900 
 H                  4.67502400    3.55658300   -2.12427600 
 H                  5.51808100    2.02516700   -2.41615300 
 C                  4.75756800   -0.39780000   -1.16372000 
 H                  5.36266600   -0.14720900   -2.04104900 
 C                  4.94797700   -1.61628700   -0.52370800 
 H                  5.70399700   -2.31387100   -0.89669600 
	 232	
 C                  4.18257400   -1.95783000    0.58782400 
 H                  4.34738400   -2.92094400    1.08015500 
 C                  2.20879600    1.99589800    1.84815100 
 H                  3.18251900    2.15852700    2.30724700 
 C                  1.01510000    2.61433400    2.02876300 
 H                  0.71470100    3.43068200    2.68353200 
 C                 -0.79684100    5.40737000   -0.79761300 
 H                 -0.60723000    5.75716900    0.23109900 
 H                 -1.78632000    5.78800700   -1.10433200 
 H                 -0.04679000    5.87565800   -1.45622600 
 C                 -0.96288300    3.40795200   -2.32201200 
 H                 -0.88319400    2.30620400   -2.40290200 
 H                 -0.22694100    3.84589500   -3.01673400 
 H                 -1.96811000    3.69040700   -2.68036500 
 C                 -0.72240500    3.88916300   -0.89505000 
 H                  0.30357600    3.59053500   -0.61299200 
 C                 -1.68793000    3.21980700    0.05980200 
 C                 -1.26891200    2.30524000    1.03925600 
 C                 -2.16567700    1.63013500    1.88964500 
 C                 -1.68250500    0.62708700    2.91657700 
 H                 -0.70227500    0.24555900    2.57242200 
 C                 -1.46821500    1.29884800    4.27015500 
 H                 -0.75113700    2.13382400    4.21189000 
	 233	
 H                 -1.08307900    0.57616100    5.00918400 
 H                 -2.41988100    1.70306500    4.65850200 
 C                 -2.61132800   -0.57099600    3.05958300 
 H                 -2.12642400   -1.35598500    3.66406000 
 H                 -2.88130200   -1.00825900    2.08291400 
 H                 -3.55013100   -0.30459800    3.57490900 
 C                 -3.52377800    1.92657200    1.75605500 
 H                 -4.25253000    1.42300600    2.39911300 
 C                 -3.96663800    2.84212900    0.80461500 
 H                 -5.03584800    3.05519900    0.71253800 
 C                 -3.06063400    3.47497500   -0.03798400 
 H                 -3.42339300    4.17902500   -0.79411100 
 O                 -1.53636000   -0.65912200   -2.54543400 
 O                  1.64866600   -1.56150300   -2.00981000 
 C                  0.14718200   -2.67016500   -0.52641600 
 C                  0.56650200   -3.94864300   -0.91867600 
 C                 -0.82850100   -2.53267300    0.46554900 
 H                  1.33240300   -4.03977400   -1.69457900 
 H                 -1.15007000   -1.52809800    0.76381500 
 C                  0.00155600   -5.07507600   -0.33130700 
 C                 -1.38822600   -3.66144500    1.05585900 
 H                  0.32216400   -6.07302200   -0.64436400 
 H                 -2.15875800   -3.54928600    1.82471900 
	 234	
 C                 -0.97788400   -4.93196200    0.65333600 
 H                 -1.42591900   -5.81988400    1.10939000 
 C                 -2.61932600   -1.21019700   -2.05535900 
 C                 -2.96314800   -2.54845700   -2.36762200 
 C                 -3.49891000   -0.51212900   -1.18826900 
 H                 -2.30054300   -3.10141500   -3.04366700 
 H                 -3.27061300    0.53726200   -0.95446600 
 C                 -4.08219600   -3.15731900   -1.80891200 
 C                 -4.61313900   -1.13088200   -0.63113600 
 H                 -4.30439700   -4.20111200   -2.05905900 
 H                 -5.25875700   -0.55860200    0.04637900 
 C                 -4.91586400   -2.46296800   -0.92770500 
 H                 -5.79173100   -2.94853100   -0.48671800 
 
RPh(O-CAr) E=-1938.574815 
 Pd                 0.00537300   -0.50685500   -0.13651800 
 N                  3.00910700    0.02089100    0.04907800 
 N                  1.84864300    1.70608100    0.67917600 
 C                  1.71705100    0.43172800    0.20264800 
 C                  4.71506100   -2.49083000    2.77941000 
 H                  5.62765700   -2.00084400    2.39956000 
 H                  4.87348500   -3.58188400    2.72470700 
 H                  4.61493500   -2.23219000    3.84686400 
	 235	
 C                  2.21872700   -2.73465800    2.53386700 
 H                  1.31817800   -2.37030100    2.00647300 
 H                  2.08790400   -2.53335100    3.61084200 
 H                  2.26747000   -3.82998600    2.40119600 
 C                  3.47805800   -2.05492500    2.00573400 
 H                  3.35233300   -0.96975700    2.16926800 
 C                  3.62072400   -2.28972800    0.51627500 
 C                  3.36953800   -1.27715200   -0.42542700 
 C                  3.43364600   -1.49784900   -1.81143600 
 C                  3.11846500   -0.41280300   -2.82008900 
 H                  2.93648900    0.52539900   -2.26558500 
 C                  1.83689300   -0.73787700   -3.58023100 
 H                  0.98377500   -0.84236900   -2.88304900 
 H                  1.93134500   -1.67957400   -4.14927600 
 H                  1.59395200    0.06240500   -4.29988500 
 C                  4.28707300   -0.16742400   -3.76639200 
 H                  5.21048700    0.07960700   -3.21540300 
 H                  4.06693500    0.67293600   -4.44599500 
 H                  4.49936700   -1.04970100   -4.39514900 
 C                  3.77359200   -2.78255800   -2.24645900 
 H                  3.82717600   -2.98980300   -3.32077400 
 C                  4.03444000   -3.80132100   -1.33609600 
 H                  4.29610700   -4.80095200   -1.69646200 
	 236	
 C                  3.95729200   -3.55668500    0.03123900 
 H                  4.15117900   -4.37047100    0.73818300 
 C                  3.91527900    1.00429500    0.42260400 
 H                  4.99183600    0.84707700    0.36940100 
 C                  3.17981600    2.06954700    0.82730900 
 H                  3.47345300    3.05035700    1.19915000 
 C                  1.15100100    4.98863200   -1.77131500 
 H                  1.75327100    5.54216000   -1.03140200 
 H                  0.21129700    5.54683400   -1.92462200 
 H                  1.69562800    5.00917800   -2.72987900 
 C                  0.02789100    2.81202600   -2.34770900 
 H                 -0.11739700    1.75790200   -2.04636500 
 H                  0.48645800    2.82816900   -3.35135100 
 H                 -0.97063500    3.27919900   -2.42483500 
 C                  0.89671200    3.55244200   -1.33587600 
 H                  1.87429900    3.03891100   -1.30387000 
 C                  0.27434200    3.45846900    0.04156300 
 C                  0.73310800    2.53941900    1.00161600 
 C                  0.12110700    2.38914300    2.25710400 
 C                  0.60464000    1.38324600    3.28048600 
 H                  1.45490600    0.83180400    2.84104500 
 C                  1.10984500    2.07561600    4.54056700 
 H                  1.91561500    2.79409000    4.31183100 
	 237	
 H                  1.51169200    1.33868300    5.25625500 
 H                  0.30471100    2.62938300    5.05474900 
 C                 -0.47630300    0.35564800    3.59265700 
 H                 -0.10663400   -0.39507800    4.31124600 
 H                 -0.78484600   -0.17690400    2.67339500 
 H                 -1.37211100    0.82414000    4.03750700 
 C                 -0.98107000    3.20110800    2.54279700 
 H                 -1.48007000    3.10784200    3.51353500 
 C                 -1.45550500    4.11811600    1.61112100 
 H                 -2.32309200    4.74085500    1.85134500 
 C                 -0.83501000    4.24247500    0.37190500 
 H                 -1.22833400    4.95629800   -0.35976300 
 C                 -2.69825600   -0.08035900   -1.05753300 
 C                 -3.23330000    0.86574700   -0.18937900 
 C                 -2.68393200    0.10777700   -2.43475600 
 H                 -3.19886500    0.69649300    0.89262200 
 H                 -2.23429400   -0.65559400   -3.07737700 
 C                 -3.78520400    2.02673300   -0.72569600 
 C                 -3.23671800    1.27507400   -2.95518100 
 H                 -4.20794800    2.77940400   -0.05383300 
 H                 -3.23091300    1.43750900   -4.03688600 
 C                 -3.79127400    2.23277100   -2.10531400 
 H                 -4.22459800    3.14734300   -2.52008600 
	 238	
 O                 -2.10158300   -1.23582000   -0.54740200 
 C                 -2.72873300   -2.04312300    0.37668600 
 O                 -2.05586500   -2.59117500    1.20106700 
 C                 -4.19531500   -2.21189800    0.24232300 
 C                 -4.92605600   -2.44132600    1.41420800 
 C                 -4.84428800   -2.22387500   -0.99846600 
 H                 -4.40489800   -2.44588200    2.37581600 
 H                 -4.27805500   -2.07799700   -1.92203000 
 C                 -6.29935900   -2.64822200    1.34901200 
 C                 -6.21491700   -2.45232400   -1.05907800 
 H                 -6.86992800   -2.81153600    2.26752400 
 H                 -6.71796800   -2.47373700   -2.02970300 
 C                 -6.94398500   -2.65359800    0.11250300 
 H                 -8.02362100   -2.82242700    0.06059000 
 
TSPh(O-CAr) E=-1938.542145  
 Pd                -0.12113600   -0.69537500   -0.12786900 
 N                  2.84443700   -0.16351000    0.13821100 
 N                  1.78730400    1.59743300    0.74378700 
 C                  1.59339200    0.36120700    0.21058600 
 C                  3.73483700   -2.68143800    3.14908900 
 H                  4.72657500   -2.26503300    2.90418900 
 H                  3.82265700   -3.78171300    3.14676200 
	 239	
 H                  3.48651500   -2.37561100    4.17934700 
 C                  1.29282600   -2.75090500    2.52712800 
 H                  0.51559400   -2.36598700    1.83787700 
 H                  1.00415400   -2.46441300    3.55315100 
 H                  1.27458000   -3.85357800    2.47097700 
 C                  2.66840300   -2.19494600    2.17691100 
 H                  2.60978900   -1.09668900    2.28152100 
 C                  3.02769600   -2.51176200    0.73983700 
 C                  3.10739400   -1.51619000   -0.24832900 
 C                  3.40651300   -1.79650900   -1.59193300 
 C                  3.39558200   -0.71460400   -2.65098100 
 H                  3.49387300    0.26132300   -2.14040100 
 C                  2.04987100   -0.72260200   -3.37311900 
 H                  1.21337200   -0.62537900   -2.65706500 
 H                  1.90894600   -1.66931600   -3.92476500 
 H                  1.98119300    0.10506200   -4.09947200 
 C                  4.54946200   -0.83349900   -3.63580400 
 H                  5.52560100   -0.86622100   -3.12408900 
 H                  4.55812700    0.02873800   -4.32281600 
 H                  4.46684400   -1.73879100   -4.26144200 
 C                  3.63157000   -3.13236400   -1.93557700 
 H                  3.85685200   -3.39128700   -2.97512900 
 C                  3.55885800   -4.13973600   -0.97803500 
	 240	
 H                  3.73442300   -5.17982200   -1.26913300 
 C                  3.25973300   -3.83275200    0.34504400 
 H                  3.19868200   -4.63509400    1.08799000 
 C                  3.80196000    0.71650900    0.62213600 
 H                  4.85973800    0.45997500    0.65262300 
 C                  3.13292900    1.83131900    1.00387300 
 H                  3.47964800    2.77061400    1.43271600 
 C                  1.65462200    5.19923200   -1.58336800 
 H                  2.01479200    5.86475200   -0.78137100 
 H                  0.71795900    5.62518400   -1.98228800 
 H                  2.39167500    5.23071900   -2.40227000 
 C                  0.88354200    2.90560500   -2.22190200 
 H                  0.79087600    1.84783600   -1.92238000 
 H                  1.51124200    2.95531500   -3.12805100 
 H                 -0.12853000    3.25998400   -2.48866300 
 C                  1.46933400    3.76769500   -1.10619200 
 H                  2.47317500    3.36930800   -0.87101800 
 C                  0.61516100    3.64500400    0.14012100 
 C                  0.74728700    2.54833000    1.01062900 
 C                 -0.08214700    2.35709300    2.13112500 
 C                  0.09232600    1.16649900    3.05407900 
 H                  0.37311200    0.30626600    2.41730000 
 C                  1.22191700    1.40902500    4.05166200 
	 241	
 H                  2.17796900    1.64742900    3.55679700 
 H                  1.38606400    0.51639700    4.67978100 
 H                  0.97631400    2.25211500    4.72239600 
 C                 -1.18233000    0.77029500    3.78110300 
 H                 -1.03082800   -0.18239200    4.31510900 
 H                 -2.02477300    0.62168200    3.08530100 
 H                 -1.48375500    1.51766600    4.53589300 
 C                 -1.06233300    3.32480200    2.37409600 
 H                 -1.72750800    3.21582800    3.23520000 
 C                 -1.21047300    4.42321700    1.53386900 
 H                 -1.98628100    5.16632100    1.74248200 
 C                 -0.38580100    4.57830400    0.42507100 
 H                 -0.52726300    5.44010600   -0.23344300 
 C                 -1.79206000    0.17920700   -1.03295400 
 C                 -2.47310800    1.13753300   -0.26468900 
 C                 -1.74680700    0.29368800   -2.43468000 
 H                 -2.54303800    1.02930900    0.82291800 
 H                 -1.26753600   -0.49302300   -3.02675000 
 C                 -3.02896400    2.24478400   -0.90321900 
 C                 -2.31047200    1.40829500   -3.04366500 
 H                 -3.53545500    3.00184700   -0.29474700 
 H                 -2.24990400    1.50325400   -4.13318200 
 C                 -2.95534200    2.39434000   -2.28897100 
	 242	
 H                 -3.40452800    3.26328500   -2.77808200 
 O                 -2.05257600   -1.45013500   -0.60587100 
 C                 -2.88334000   -1.69085400    0.41803800 
 O                 -2.51379900   -1.73201900    1.57025500 
 C                 -4.29697600   -1.90312400    0.00846700 
 C                 -5.22537400   -2.29314300    0.98158200 
 C                 -4.72122200   -1.69319800   -1.30963700 
 H                 -4.87912800   -2.44730800    2.00748800 
 H                 -3.99605100   -1.38428300   -2.06805300 
 C                 -6.56012500   -2.47770000    0.64112400 
 C                 -6.06033800   -1.86955200   -1.64549000 
 H                 -7.28141900   -2.78705300    1.40318100 
 H                 -6.38974200   -1.69924200   -2.67456500 
 C                 -6.97858900   -2.26449800   -0.67330500 
 H                 -8.03002000   -2.40667600   -0.94121700 
 
PPh(O-CAr) E=-1938.587427 
 Pd                -0.29108200   -0.67507800   -0.07758800 
 N                  2.60618400   -0.70239600    0.10791000 
 N                  2.05130600    1.32339000    0.54730600 
 C                  1.53941300    0.13568900    0.13562000 
 C                  2.78085200   -2.89353200    3.36457500 
 H                  3.82385700   -2.69635300    3.06373800 
	 243	
 H                  2.66970400   -3.98387800    3.49578700 
 H                  2.62113300   -2.42380800    4.34973200 
 C                  0.35087100   -2.58028200    2.77881800 
 H                 -0.38329400   -2.11755100    2.09119600 
 H                  0.17340600   -2.14487800    3.77736900 
 H                  0.11112300   -3.65573000    2.84297700 
 C                  1.79153600   -2.34456800    2.34336700 
 H                  1.94243500   -1.25084100    2.30496500 
 C                  2.06462600   -2.91286100    0.96512900 
 C                  2.48105200   -2.11303200   -0.11303900 
 C                  2.76727500   -2.63223900   -1.38740200 
 C                  3.12530200   -1.72602000   -2.54529700 
 H                  3.51428300   -0.77841700   -2.12895800 
 C                  1.85851000   -1.39380500   -3.32935100 
 H                  1.07877100   -0.98543500   -2.66292600 
 H                  1.44435800   -2.30031800   -3.80547700 
 H                  2.05966300   -0.65396500   -4.12260900 
 C                  4.19913700   -2.30298900   -3.45457500 
 H                  5.10609400   -2.58630000   -2.89533800 
 H                  4.49097100   -1.56219300   -4.21684000 
 H                  3.84435900   -3.19595100   -3.99684300 
 C                  2.61647900   -4.00889500   -1.56749800 
 H                  2.81916100   -4.45029000   -2.54836000 
	 244	
 C                  2.19681600   -4.82587200   -0.52079700 
 H                  2.08032500   -5.90112500   -0.68538800 
 C                  1.92367800   -4.28497200    0.73007300 
 H                  1.59767300   -4.93905500    1.54567600 
 C                  3.76818700   -0.06213600    0.50883200 
 H                  4.72349500   -0.58184200    0.56140300 
 C                  3.41808600    1.21718500    0.78289200 
 H                  4.00343000    2.06770900    1.12918200 
 C                  2.81228200    4.81017200   -1.89876000 
 H                  3.27717600    5.43872800   -1.12146600 
 H                  1.98458700    5.38418100   -2.34987600 
 H                  3.55940500    4.65313100   -2.69354200 
 C                  1.64604700    2.67428600   -2.45660800 
 H                  1.38629600    1.65228600   -2.13676400 
 H                  2.29184400    2.59411800   -3.34753200 
 H                  0.70799200    3.17325400   -2.76013300 
 C                  2.34180100    3.46974900   -1.35618000 
 H                  3.24492000    2.90335800   -1.06350400 
 C                  1.45778100    3.59172500   -0.12786400 
 C                  1.31074900    2.53094200    0.78495600 
 C                  0.50511900    2.61201900    1.93566800 
 C                  0.40860900    1.46606700    2.92508100 
 H                  0.43414500    0.52636600    2.34127400 
	 245	
 C                  1.60870200    1.46851700    3.86978900 
 H                  2.57074000    1.41215500    3.33396800 
 H                  1.56191500    0.61325200    4.56598400 
 H                  1.62205200    2.39175300    4.47653700 
 C                 -0.88763800    1.44770900    3.71878600 
 H                 -0.94779100    0.52049600    4.31224500 
 H                 -1.77667200    1.46861700    3.06747700 
 H                 -0.95332800    2.28964500    4.42960600 
 C                 -0.18558500    3.80875000    2.14892000 
 H                 -0.82600100    3.91426900    3.02908300 
 C                 -0.08043700    4.86532300    1.25174200 
 H                 -0.63782600    5.78931000    1.43295400 
 C                  0.73121800    4.75850900    0.12752200 
 H                  0.80132100    5.60343200   -0.56236200 
 C                 -1.15241300    0.82629400   -1.03228200 
 C                 -1.82153900    1.80626800   -0.30100000 
 C                 -1.26185600    0.78894100   -2.42274100 
 H                 -1.77631100    1.81633700    0.79168800 
 H                 -0.76445500    0.00719400   -3.00636000 
 C                 -2.57339200    2.77544400   -0.96984900 
 C                 -2.02412500    1.75648200   -3.08202800 
 H                 -3.08980200    3.54683400   -0.38829600 
 H                 -2.10760400    1.72247500   -4.17345100 
	 246	
 C                 -2.67385700    2.75697100   -2.36012700 
 H                 -3.26766400    3.51498200   -2.88004300 
 O                 -2.13480900   -1.60922800   -0.30701900 
 C                 -3.01688900   -1.26085000    0.56224200 
 O                 -2.78496400   -0.86997100    1.70508100 
 C                 -4.44165400   -1.33264500    0.07564300 
 C                 -5.49108500   -1.22908500    0.99406800 
 C                 -4.73475800   -1.45433100   -1.28666800 
 H                 -5.24411200   -1.12055600    2.05422500 
 H                 -3.90771500   -1.52471700   -1.99911100 
 C                 -6.81371100   -1.26173000    0.56162600 
 C                 -6.05787100   -1.47420700   -1.72250200 
 H                 -7.62934300   -1.18813600    1.28791200 
 H                 -6.28007500   -1.56142400   -2.79071700 
 C                 -7.09905900   -1.38270300   -0.79910300 
 H                 -8.13867500   -1.40263200   -1.14112200 
 
RPh(O-CAr)_2  E=-1938.598720  
 Pd                 0.39438800   -0.84530100   -0.30940600 
 N                  0.31316700    2.11465600    0.64133600 
 N                  2.29155400    1.31070200    0.73886800 
 C                  1.02579800    0.99353400    0.35243000 
 C                 -0.85041400    4.66932700   -2.43935900 
	 247	
 H                 -0.96541200    5.43934400   -1.65811800 
 H                 -1.78272400    4.64759700   -3.02950500 
 H                 -0.04902500    5.00010300   -3.12063600 
 C                 -0.39739600    2.24874300   -2.94328200 
 H                 -0.10576600    1.26577700   -2.53101900 
 H                  0.35571400    2.54462600   -3.69366600 
 H                 -1.36115700    2.11856600   -3.46664000 
 C                 -0.51392400    3.30741600   -1.84930300 
 H                  0.47775700    3.39290500   -1.36911500 
 C                 -1.50662600    2.85760200   -0.79748700 
 C                 -1.09009300    2.24136100    0.39495600 
 C                 -1.99374000    1.72784400    1.34061400 
 C                 -1.53561000    1.04315500    2.61137500 
 H                 -0.43117300    1.04146500    2.61977100 
 C                 -1.98436000   -0.41278900    2.63840400 
 H                 -1.61934800   -0.94987400    1.74171900 
 H                 -3.08532600   -0.49977400    2.66310100 
 H                 -1.59086400   -0.92897400    3.53066900 
 C                 -1.99892600    1.80043200    3.84942400 
 H                 -1.64954600    2.84706500    3.83680900 
 H                 -1.60810100    1.32653700    4.76559800 
 H                 -3.09985100    1.81606900    3.93093300 
 C                 -3.35922000    1.85762700    1.06745300 
	 248	
 H                 -4.09288800    1.45727200    1.77703400 
 C                 -3.79876200    2.48371800   -0.09419100 
 H                 -4.87184300    2.58319700   -0.28657500 
 C                 -2.88192400    2.97436600   -1.01885100 
 H                 -3.24234600    3.44469000   -1.93939200 
 C                  1.11019500    3.10170900    1.20481800 
 H                  0.70864000    4.07006200    1.50043300 
 C                  2.36694100    2.59210200    1.26380400 
 H                  3.30139900    3.01404300    1.63127100 
 C                  3.79877700   -0.03209200    4.23185300 
 H                  4.37618000    0.89531900    4.07797300 
 H                  4.51977600   -0.84789400    4.41446600 
 H                  3.20502100    0.09028400    5.15315500 
 C                  2.07092100   -1.59670300    3.27363300 
 H                  1.37142800   -1.76905900    2.43545000 
 H                  1.47888200   -1.51491900    4.20107200 
 H                  2.71544500   -2.48867700    3.36684400 
 C                  2.89216400   -0.33267100    3.04510800 
 H                  2.17674900    0.50402800    2.95601500 
 C                  3.67364700   -0.42168800    1.75049200 
 C                  3.37727600    0.38540200    0.63925000 
 C                  4.06770100    0.28144400   -0.57967800 
 C                  3.70991100    1.12049100   -1.78854100 
	 249	
 H                  2.97238400    1.88036800   -1.47101000 
 C                  4.91825900    1.86093400   -2.34745100 
 H                  5.41170700    2.47855200   -1.57826200 
 H                  4.61568800    2.52860300   -3.17143000 
 H                  5.67353400    1.16622300   -2.75418600 
 C                  3.04213100    0.25732500   -2.85445300 
 H                  2.75778300    0.86271400   -3.73179800 
 H                  2.12969100   -0.22312700   -2.45526000 
 H                  3.72069100   -0.54098700   -3.20529300 
 C                  5.08757600   -0.67135800   -0.66542500 
 H                  5.63885600   -0.78537700   -1.60490500 
 C                  5.40149600   -1.48431100    0.41895300 
 H                  6.19982300   -2.22745300    0.32991500 
 C                  4.70256800   -1.35822400    1.61517000 
 H                  4.95268000   -2.00814100    2.46074500 
 C                 -0.72795100   -2.56572500   -1.22126500 
 C                 -0.37890200   -2.54764500   -2.59422100 
 C                  0.19475600   -3.04197300   -0.25990500 
 H                 -1.10839700   -2.21294800   -3.33297200 
 H                 -0.15033200   -3.25377400    0.75908900 
 C                  0.87568300   -2.99636100   -2.98129900 
 C                  1.47773100   -3.45751400   -0.68796300 
 H                  1.13750900   -2.98686800   -4.04390400 
	 250	
 H                  2.19274900   -3.81991000    0.05841600 
 C                  1.80885000   -3.44930800   -2.03520600 
 H                  2.79862500   -3.78573500   -2.35792100 
 O                 -2.04574600   -2.46279200   -0.77982300 
 C                 -2.88366500   -1.50237000   -1.22037500 
 O                 -2.63786500   -0.75463800   -2.13098400 
 C                 -4.14853100   -1.48149500   -0.44303900 
 C                 -5.15582300   -0.60786400   -0.86881400 
 C                 -4.34496500   -2.26188800    0.70227100 
 H                 -4.98554500   -0.00479400   -1.76521500 
 H                 -3.55824000   -2.94244300    1.03711100 
 C                 -6.34502500   -0.50987300   -0.15526500 
 C                 -5.53395100   -2.15691900    1.41837900 
 H                 -7.12992000    0.17380600   -0.49206800 
 H                 -5.68306200   -2.76233200    2.31712600 
 C                 -6.53228600   -1.28076800    0.99261500 
 H                 -7.46558400   -1.20032800    1.55808300 
 
TSPh(O-CAr)_2  E=-1938.547776  
 Pd                -0.22695400    0.75035700   -0.26271800 
 N                 -0.31405800   -2.43359400   -0.01682500 
 N                 -2.15970700   -1.53299900    0.56630900 
 C                 -0.91232500   -1.22518300    0.12650300 
	 251	
 C                  0.35194200   -3.58358000   -3.93811800 
 H                  0.31793200   -4.60109300   -3.51441500 
 H                  1.27766800   -3.49817000   -4.53276300 
 H                 -0.49118000   -3.48409700   -4.64162600 
 C                  0.34586600   -1.11564200   -3.46190900 
 H                  0.23671200   -0.33278500   -2.68769800 
 H                 -0.44795300   -0.96669900   -4.21355200 
 H                  1.31670900   -0.95341500   -3.96297600 
 C                  0.27130500   -2.51513700   -2.85636700 
 H                 -0.71448800   -2.61346700   -2.36588300 
 C                  1.34006200   -2.67696400   -1.79561800 
 C                  1.04815000   -2.59890100   -0.42383200 
 C                  2.04070500   -2.65106800    0.56766200 
 C                  1.72736900   -2.48227000    2.03987800 
 H                  0.63863700   -2.32402600    2.14327100 
 C                  2.41555600   -1.24217200    2.60108800 
 H                  2.14610400   -0.34195900    2.02130900 
 H                  3.51507700   -1.34136900    2.57353100 
 H                  2.13048000   -1.08062400    3.65416800 
 C                  2.08380300   -3.73230000    2.83440500 
 H                  1.55984800   -4.62296300    2.44759900 
 H                  1.80711600   -3.61427800    3.89557500 
 H                  3.16730200   -3.94149600    2.79845300 
	 252	
 C                  3.36339600   -2.82939700    0.15054600 
 H                  4.16183100   -2.87772100    0.89961600 
 C                  3.68020300   -2.92429900   -1.20027300 
 H                  4.72220200   -3.05565000   -1.50818500 
 C                  2.67941400   -2.83702600   -2.16293300 
 H                  2.94490800   -2.89075900   -3.22378800 
 C                 -1.16560800   -3.47450200    0.32510000 
 H                 -0.85456400   -4.51694400    0.27133600 
 C                 -2.34004300   -2.90197000    0.69490800 
 H                 -3.27961700   -3.33423200    1.03561600 
 C                 -2.88452800   -0.70948900    4.57576100 
 H                 -3.71962100   -1.42256700    4.47591100 
 H                 -3.28368400    0.21574500    5.02562100 
 H                 -2.16646700   -1.13241700    5.29772600 
 C                 -1.07430400    0.57364900    3.39731100 
 H                 -0.52861600    0.72737000    2.44683500 
 H                 -0.34782800    0.24263700    4.15841000 
 H                 -1.47052900    1.55328000    3.72008800 
 C                 -2.20058000   -0.44571500    3.24142000 
 H                 -1.74208800   -1.39571800    2.91147900 
 C                 -3.17017700    0.00196700    2.16746200 
 C                 -3.13344400   -0.52767700    0.86571700 
 C                 -3.97608200   -0.07520000   -0.16362700 
	 253	
 C                 -3.88504400   -0.61335400   -1.57604300 
 H                 -3.24396100   -1.51323100   -1.55684400 
 C                 -5.24259700   -1.03368900   -2.12338700 
 H                 -5.74565800   -1.75589700   -1.45892200 
 H                 -5.12857600   -1.50933400   -3.11163300 
 H                 -5.91766200   -0.17080500   -2.25592600 
 C                 -3.21381200    0.40720400   -2.49046400 
 H                 -3.11075400    0.01147200   -3.51505700 
 H                 -2.20468700    0.67312100   -2.12219100 
 H                 -3.80353000    1.33944500   -2.54799100 
 C                 -4.88214700    0.94420500    0.14486900 
 H                 -5.54713700    1.32811400   -0.63587400 
 C                 -4.94198400    1.48444900    1.42510000 
 H                 -5.65557000    2.28430600    1.64541000 
 C                 -4.09500300    1.01796000    2.42554400 
 H                 -4.14496600    1.45980200    3.42608700 
 C                 -0.13127500    2.65783100   -0.66634000 
 C                 -0.04434000    3.04817700   -2.01235500 
 C                 -1.12444100    3.15705700    0.18997100 
 H                  0.78482400    2.69831000   -2.63794500 
 H                 -1.09379300    2.94593200    1.26534600 
 C                 -1.06549700    3.83610600   -2.53205800 
 C                 -2.13811500    3.95160700   -0.36287100 
	 254	
 H                 -1.04863700    4.10542300   -3.59346100 
 H                 -2.93887500    4.32708100    0.28338000 
 C                 -2.11427200    4.28381700   -1.71489600 
 H                 -2.90271100    4.91344100   -2.13783800 
 O                  1.72788400    2.89971100    0.12543700 
 C                  2.41946300    1.85256100    0.01472100 
 O                  1.97370500    0.71216800   -0.26485400 
 C                  3.89751900    1.96801600    0.24373100 
 C                  4.69850500    0.82100600    0.19710900 
 C                  4.48559600    3.20936000    0.50666700 
 H                  4.22561700   -0.14256600   -0.01673900 
 H                  3.85081800    4.09900200    0.53716900 
 C                  6.06914100    0.91461800    0.41908500 
 C                  5.85761100    3.30198700    0.72459800 
 H                  6.68964900    0.01381500    0.38334600 
 H                  6.31310600    4.27557900    0.92948300 
 C                  6.65033100    2.15504200    0.68366500 
 H                  7.72824300    2.22860600    0.85812300 
 
PPh(O-CAr)_2 E=-1938.570647 
 Pd                -0.71450400    0.88894200   -0.02734500 
 N                  0.29339400   -2.20302100   -0.29885600 
 N                 -1.81556400   -1.89528300   -0.14470000 
	 255	
 C                 -0.63441500   -1.23186700   -0.14590700 
 C                  1.85712600   -2.62584000   -3.87064200 
 H                  1.71598100   -3.63798700   -3.45412700 
 H                  2.91045300   -2.54157500   -4.19046300 
 H                  1.23092800   -2.54336400   -4.77475300 
 C                  1.63391100   -0.14771600   -3.44480900 
 H                  1.37094200    0.62102600   -2.69771400 
 H                  0.97750900   -0.02325000   -4.32253100 
 H                  2.66798500    0.04536300   -3.78165800 
 C                  1.49115200   -1.54780200   -2.85813600 
 H                  0.42522300   -1.68565700   -2.60187700 
 C                  2.30032100   -1.68989300   -1.58641200 
 C                  1.70868300   -1.97786000   -0.34724400 
 C                  2.44277200   -2.06669700    0.84899100 
 C                  1.77859300   -2.39936400    2.16952900 
 H                  0.70727600   -2.13879500    2.07905200 
 C                  2.33511000   -1.59700600    3.33652800 
 H                  2.28819100   -0.51581900    3.12780400 
 H                  3.37960000   -1.86925400    3.56852200 
 H                  1.74501800   -1.79585200    4.24695400 
 C                  1.87619500   -3.89772000    2.44413000 
 H                  1.43062600   -4.49950500    1.63468900 
 H                  1.35963000   -4.16176700    3.38240200 
	 256	
 H                  2.93197900   -4.20740500    2.54345300 
 C                  3.82746100   -1.89297500    0.76569800 
 H                  4.43575000   -1.95870000    1.67354700 
 C                  4.44491700   -1.63219300   -0.45389900 
 H                  5.53039800   -1.49700900   -0.49534200 
 C                  3.68836000   -1.52208900   -1.61483300 
 H                  4.18371800   -1.29240600   -2.56474800 
 C                 -0.30019400   -3.45385700   -0.40862100 
 H                  0.28836800   -4.35865000   -0.55481600 
 C                 -1.64049700   -3.26022700   -0.30569900 
 H                 -2.47699100   -3.95664000   -0.33298400 
 C                 -3.56818200   -2.09626300    3.60663700 
 H                 -4.14464000   -2.92805300    3.16912900 
 H                 -4.28481200   -1.39899100    4.07338700 
 H                 -2.94574200   -2.50808700    4.41784100 
 C                 -1.93649200   -0.23099800    3.18412900 
 H                 -1.22829900    0.22997900    2.46936400 
 H                 -1.35063900   -0.55769300    4.06002400 
 H                 -2.63150700    0.55811600    3.52316200 
 C                 -2.69370200   -1.40534000    2.56828700 
 H                 -1.94333300   -2.14150200    2.22718100 
 C                 -3.48587600   -0.95019300    1.36017400 
 C                 -3.05093400   -1.19463900    0.04359400 
	 257	
 C                 -3.74588900   -0.72788500   -1.08761300 
 C                 -3.22091700   -0.93104600   -2.49263800 
 H                 -2.43840500   -1.71031200   -2.45504200 
 C                 -4.29772600   -1.41273400   -3.45569100 
 H                 -4.80533000   -2.31784700   -3.08351100 
 H                 -3.85438700   -1.65422600   -4.43557000 
 H                 -5.06851400   -0.64320200   -3.63253700 
 C                 -2.56728500    0.35296800   -2.99796100 
 H                 -2.16242100    0.21802300   -4.01504900 
 H                 -1.73126200    0.67032500   -2.34303300 
 H                 -3.29481300    1.18374400   -3.03163300 
 C                 -4.91760100    0.00251200   -0.86872500 
 H                 -5.47812100    0.39055500   -1.72514100 
 C                 -5.37106700    0.25704200    0.42149300 
 H                 -6.28775200    0.83513200    0.57155600 
 C                 -4.66180000   -0.21161000    1.52289500 
 H                 -5.02401600    0.00835700    2.53218600 
 C                 -1.10674200    2.82808000    0.07161600 
 C                 -0.30663800    3.93485600   -0.20956500 
 C                 -2.44171200    2.99906000    0.44066500 
 H                  0.74312200    3.80036400   -0.49416200 
 H                 -3.07042900    2.12280200    0.67792100 
 C                 -0.85947700    5.21594000   -0.13149500 
	 258	
 C                 -2.99189800    4.28138800    0.51572800 
 H                 -0.23714400    6.08915100   -0.35533000 
 H                 -4.04048800    4.41103900    0.80379500 
 C                 -2.19654100    5.39102000    0.22838300 
 H                 -2.62055800    6.39825000    0.28825900 
 O                  1.56627000    1.28791800    1.85670100 
 C                  1.97910200    1.41058900    0.70679900 
 O                  1.26995100    1.33161800   -0.36392300 
 C                  3.43839100    1.68352200    0.44630400 
 C                  3.91286400    1.96090700   -0.83996200 
 C                  4.34118500    1.63366500    1.51299900 
 H                  3.20197900    1.99793600   -1.67015700 
 H                  3.95551300    1.42065800    2.51453200 
 C                  5.27125700    2.17888600   -1.05700600 
 C                  5.70040600    1.84271900    1.29599500 
 H                  5.63416100    2.39765700   -2.06608700 
 H                  6.40175800    1.79579400    2.13482600 
 C                  6.16779900    2.11529500    0.00969400 




 Pd                 0.05366700    0.65921500   -0.07813300 
	 259	
 N                 -1.16731500   -2.00780900    0.70296900 
 N                  0.93832200   -2.19409900    0.36646700 
 C                 -1.07155700    3.25420500    0.25992900 
 C                 -0.07686200   -1.28367100    0.31556900 
 C                 -2.66017100   -1.20885500    4.39005000 
 H                 -2.91731800   -2.27573000    4.27689400 
 H                 -3.58115600   -0.67007400    4.67305100 
 H                 -1.95912400   -1.12034400    5.23685100 
 C                 -1.66993300    0.82956900    3.28810800 
 H                 -1.16576200    1.20736900    2.37917100 
 H                 -0.98561400    0.97087700    4.14230100 
 H                 -2.56323500    1.45453100    3.46685200 
 C                 -2.03734900   -0.64043800    3.12142400 
 H                 -1.09805100   -1.19230900    2.93777200 
 C                 -2.93294100   -0.83281900    1.91565300 
 C                 -2.49564800   -1.48261700    0.74928800 
 C                 -3.31626900   -1.64233500   -0.38098900 
 C                 -2.83395800   -2.33953100   -1.63599900 
 H                 -1.79663600   -2.67502400   -1.46227800 
 C                 -2.79749000   -1.38595800   -2.82356800 
 H                 -2.15154200   -0.51547800   -2.61387800 
 H                 -3.80417000   -1.00736400   -3.07547800 
 H                 -2.40427800   -1.89611100   -3.71921800 
	 260	
 C                 -3.66823300   -3.57849400   -1.93805100 
 H                 -3.67457900   -4.28263700   -1.08844800 
 H                 -3.26738000   -4.11423800   -2.81493400 
 H                 -4.71765800   -3.31928800   -2.16287400 
 C                 -4.61603000   -1.13161900   -0.31700600 
 H                 -5.27858600   -1.23574100   -1.18354300 
 C                 -5.07590600   -0.48892900    0.82763700 
 H                 -6.09766000   -0.09756400    0.86040300 
 C                 -4.24085700   -0.33845200    1.92965400 
 H                 -4.60986200    0.17742600    2.82287100 
 C                 -0.83884400   -3.32519000    0.99159000 
 H                 -1.58564000   -4.04688100    1.32029100 
 C                  0.49500600   -3.44382000    0.77665100 
 H                  1.17220900   -4.29078900    0.87876400 
 C                  2.25749400   -3.55229800   -3.25207300 
 H                  2.50355700   -4.42892900   -2.62932600 
 H                  3.16517800   -3.27688200   -3.81663100 
 H                  1.50049500   -3.86724200   -3.98966700 
 C                  1.40053300   -1.18715300   -3.28613200 
 H                  0.97050300   -0.36636700   -2.68197500 
 H                  0.67005500   -1.45802400   -4.06735100 
 H                  2.30258400   -0.80211600   -3.79422900 
 C                  1.73447500   -2.39325500   -2.41405700 
	 261	
 H                  0.79358800   -2.72668600   -1.94109000 
 C                  2.69702700   -2.00221200   -1.31172400 
 C                  2.29318800   -1.88795100    0.02966000 
 C                  3.16896100   -1.48313500    1.05168500 
 C                  2.70911700   -1.31793700    2.48495700 
 H                  1.69464600   -1.74684600    2.56759800 
 C                  3.59962300   -2.06804900    3.46625900 
 H                  3.67336700   -3.13919600    3.21271500 
 H                  3.19679600   -1.99227000    4.49010700 
 H                  4.62430500   -1.65848500    3.49019600 
 C                  2.60427200    0.16102500    2.84147500 
 H                  2.20665800    0.29344600    3.86253300 
 H                  1.93027000    0.68454000    2.13714900 
 H                  3.59279600    0.65242400    2.79610000 
 C                  4.48903800   -1.19193000    0.69692100 
 H                  5.19403500   -0.86126000    1.46757900 
 C                  4.91673700   -1.30614000   -0.62181800 
 H                  5.95553200   -1.07656800   -0.87927400 
 C                  4.02861500   -1.70432200   -1.61532800 
 H                  4.37439000   -1.77907400   -2.65203200 
 O                  0.17277800    2.93830900   -0.20365700 
 O                 -1.23714200    3.84443700    1.29566200 
 C                 -2.14510800    2.83608500   -0.67255900 
	 262	
 C                 -3.45572300    2.80844500   -0.18474000 
 C                 -1.89440200    2.54236100   -2.02057000 
 H                 -3.63638100    3.04833600    0.86726700 
 H                 -0.87113400    2.57081500   -2.40663100 
 C                 -4.50645300    2.46998000   -1.03150100 
 C                 -2.95068100    2.22017900   -2.86490100 
 H                 -5.52950100    2.43968700   -0.64516800 
 H                 -2.75411600    1.99401800   -3.91707900 
 C                 -4.25550600    2.17745700   -2.37122200 
 H                 -5.08306800    1.91512100   -3.03769100 
 C                  1.27910600    3.45008600    0.54429500 
 H                  1.22594000    4.55488300    0.52569100 
 H                  1.18167500    3.14317800    1.60103000 
 C                  2.56699900    2.96147700   -0.04023400 
 C                  2.66213800    2.44805200   -1.33694100 
 C                  3.72498200    3.06653100    0.73719700 
 H                  1.76424500    2.35346500   -1.95547200 
 H                  3.65076200    3.45823500    1.75841300 
 C                  3.89973800    2.05580900   -1.84628900 
 C                  4.96067700    2.68071000    0.22500100 
 H                  3.96265200    1.65456600   -2.86256000 
 H                  5.85844300    2.77071600    0.84432800 
 C                  5.05146300    2.17705700   -1.07226600 
	 263	
 H                  6.02132800    1.87184200   -1.47730100 
 
TSBz(CAc-O) E=-1977.828280  
 Pd                 0.20696300    0.69550500   -0.38618300 
 N                 -1.22284000   -1.90710600    0.58427500 
 N                  0.91084000   -2.05673400    0.54323400 
 C                 -1.02091900    2.09077500    0.40712300 
 C                 -0.10630600   -1.18894500    0.30177900 
 C                 -2.39830200   -1.57887700    3.66848900 
 H                 -1.96745400   -2.48413100    3.21289800 
 H                 -3.42946400   -1.82125600    3.98190300 
 H                 -1.81408400   -1.35924100    4.57857700 
 C                 -2.90554300    0.84891300    3.46570600 
 H                 -2.97811400    1.73057700    2.81059600 
 H                 -2.21539700    1.10490100    4.28661200 
 H                 -3.89626000    0.67145800    3.92011000 
 C                 -2.39330000   -0.37651300    2.72669300 
 H                 -1.34488000   -0.16921700    2.43738700 
 C                 -3.14853500   -0.67278700    1.44488000 
 C                 -2.55775700   -1.42241700    0.40960000 
 C                 -3.20937900   -1.70652400   -0.79980800 
 C                 -2.54813200   -2.49749400   -1.91117000 
 H                 -1.50183600   -2.69921100   -1.61663700 
	 264	
 C                 -2.49543900   -1.71334500   -3.21614800 
 H                 -1.93924900   -0.76828700   -3.09678200 
 H                 -3.50392500   -1.46951200   -3.59255700 
 H                 -1.98701700   -2.30156600   -3.99831200 
 C                 -3.24006100   -3.84240800   -2.10312300 
 H                 -3.25749300   -4.42984100   -1.16968900 
 H                 -2.72485000   -4.44368000   -2.87077800 
 H                 -4.28594000   -3.71190400   -2.43223800 
 C                 -4.51777900   -1.23504800   -0.95319500 
 H                 -5.05808700   -1.43661700   -1.88459600 
 C                 -5.13283600   -0.50391500    0.05492700 
 H                 -6.15360700   -0.13459900   -0.08491400 
 C                 -4.45384800   -0.22125400    1.23828600 
 H                 -4.95007500    0.37440700    2.00978400 
 C                 -0.90918300   -3.20073600    0.97945900 
 H                 -1.68033500   -3.92736100    1.23101400 
 C                  0.44313900   -3.29309400    0.96121500 
 H                  1.11803100   -4.11190500    1.20572400 
 C                  3.20221200   -3.52676000   -2.67510900 
 H                  3.58446600   -4.31881200   -2.01011000 
 H                  4.06943200   -3.04203700   -3.15563300 
 H                  2.62371700   -4.01152600   -3.47852800 
 C                  1.88769700   -1.40188300   -2.86271500 
	 265	
 H                  1.20153000   -0.69266500   -2.35984600 
 H                  1.36399500   -1.80545100   -3.74585300 
 H                  2.75828100   -0.82396800   -3.22111800 
 C                  2.33265600   -2.52490200   -1.92958000 
 H                  1.42348600   -3.05794900   -1.59519200 
 C                  3.00902500   -1.94644100   -0.70401900 
 C                  2.29350900   -1.69343600    0.47867700 
 C                  2.87260000   -1.09929300    1.61180400 
 C                  2.08090200   -0.81790000    2.87189400 
 H                  1.07048000   -1.24872600    2.74904600 
 C                  2.70752800   -1.48085300    4.09162500 
 H                  2.81598600   -2.56997600    3.95290500 
 H                  2.08173900   -1.31629500    4.98477400 
 H                  3.70752600   -1.06919000    4.31262700 
 C                  1.90659700    0.68262000    3.07585000 
 H                  1.26710100    0.88743600    3.95214500 
 H                  1.43031400    1.15298300    2.19744700 
 H                  2.87737700    1.18176400    3.24485400 
 C                  4.22341900   -0.74731100    1.53431700 
 H                  4.70543700   -0.27090000    2.39495500 
 C                  4.95789700   -0.98989100    0.37913100 
 H                  6.01493900   -0.70917400    0.33864300 
 C                  4.35753300   -1.58146000   -0.72856100 
	 266	
 H                  4.94732700   -1.75236300   -1.63516800 
 O                  0.28891900    2.74335200   -0.89439800 
 O                 -0.80276600    2.48577400    1.52121100 
 C                 -2.29008100    2.32376500   -0.34772300 
 C                 -3.28248300    3.08934400    0.27520500 
 C                 -2.52014900    1.81256000   -1.62734100 
 H                 -3.08881300    3.49429200    1.27337200 
 H                 -1.73630700    1.21590600   -2.10759400 
 C                 -4.48969600    3.33690400   -0.37321400 
 C                 -3.72499700    2.06260700   -2.27596900 
 H                 -5.26004500    3.93708000    0.12052100 
 H                 -3.89543300    1.66074700   -3.27982700 
 C                 -4.71333500    2.82331900   -1.64984900 
 H                 -5.66157800    3.01624700   -2.16094800 
 C                  1.32217600    3.42305400   -0.28007500 
 H                  1.28607700    4.49354000   -0.58868000 
 H                  1.19828800    3.44237800    0.82831700 
 C                  2.69954200    2.89707900   -0.59961800 
 C                  2.94772500    2.21168700   -1.79377800 
 C                  3.76828300    3.13062000    0.27338000 
 H                  2.11387200    2.02598400   -2.47949900 
 H                  3.58214700    3.65584100    1.21806800 
 C                  4.23546300    1.78281100   -2.11346900 
	 267	
 C                  5.05727700    2.70860200   -0.04671400 
 H                  4.41365600    1.25075100   -3.05441100 
 H                  5.88148800    2.90064200    0.64814500 
 C                  5.29625600    2.03542000   -1.24491600 
 H                  6.30777200    1.70150100   -1.49782900 
 
PBz(CAc-O) E=-1977.838592 
 Pd                 0.22936600    0.72272000   -0.44609300 
 N                 -1.35661500   -1.78766500    0.60593400 
 N                  0.76801600   -2.02760400    0.53983600 
 C                 -1.10850800    1.83710400    0.47479800 
 C                 -0.21405900   -1.12232500    0.29452900 
 C                 -2.77191000   -1.65731500    3.72746500 
 H                 -2.42080500   -2.58658000    3.25231800 
 H                 -3.84569800   -1.78453000    3.95338000 
 H                 -2.23722700   -1.55119600    4.68638700 
 C                 -2.96118000    0.82287200    3.61992100 
 H                 -2.89112800    1.73248700    3.00357800 
 H                 -2.29545600    0.96074600    4.48779800 
 H                 -3.98995100    0.74636000    4.01323300 
 C                 -2.55497300   -0.42520900    2.85147500 
 H                 -1.47251500   -0.34339800    2.63306000 
 C                 -3.27215000   -0.58055800    1.52429100 
	 268	
 C                 -2.67931500   -1.26418700    0.44614200 
 C                 -3.32844200   -1.47259700   -0.78089000 
 C                 -2.69776700   -2.26522700   -1.90920100 
 H                 -1.65489300   -2.49877900   -1.62701300 
 C                 -2.64044700   -1.48440700   -3.21529100 
 H                 -2.03819200   -0.56673100   -3.11374300 
 H                 -3.64457300   -1.19326200   -3.56957000 
 H                 -2.17848900   -2.09717700   -4.00718100 
 C                 -3.42960000   -3.59068000   -2.09532500 
 H                 -3.45531300   -4.17821100   -1.16205100 
 H                 -2.93843000   -4.20507600   -2.86822900 
 H                 -4.47422500   -3.42795400   -2.41380100 
 C                 -4.62050400   -0.95510800   -0.92095100 
 H                 -5.15614300   -1.09184200   -1.86661300 
 C                 -5.23013300   -0.26902900    0.12239800 
 H                 -6.23876600    0.13527900   -0.00763800 
 C                 -4.56450300   -0.08619300    1.33172700 
 H                 -5.06034300    0.46012000    2.13953000 
 C                 -1.09072200   -3.08552800    1.01950600 
 H                 -1.88793300   -3.77719600    1.28714300 
 C                  0.25583200   -3.23523900    0.98454000 
 H                  0.89940500   -4.07892800    1.22882400 
 C                  2.70340300   -3.76525600   -2.68307400 
	 269	
 H                  2.91618700   -4.57857000   -1.96955800 
 H                  3.65630900   -3.47671800   -3.15883600 
 H                  2.05857700   -4.17478400   -3.47797800 
 C                  1.78643900   -1.44866200   -2.99934800 
 H                  1.24414000   -0.59918900   -2.53952900 
 H                  1.18861600   -1.79662000   -3.85870000 
 H                  2.74236200   -1.05779000   -3.39116900 
 C                  2.02600800   -2.58244500   -2.00561800 
 H                  1.03705100   -2.92581300   -1.65033300 
 C                  2.80144500   -2.07142800   -0.80938000 
 C                  2.16717100   -1.75586100    0.40430200 
 C                  2.84499100   -1.20043200    1.50162300 
 C                  2.13286800   -0.83076600    2.78579900 
 H                  1.09754800   -1.21432800    2.72790500 
 C                  2.78398700   -1.47355000    4.00342800 
 H                  2.84349400   -2.57043700    3.90199300 
 H                  2.20269300   -1.25161900    4.91383900 
 H                  3.80747700   -1.09556700    4.17001800 
 C                  2.04290800    0.68460500    2.93092200 
 H                  1.46408800    0.95821300    3.82997400 
 H                  1.54034500    1.14153100    2.05989400 
 H                  3.04543200    1.13878700    3.02487100 
 C                  4.21675300   -0.97116800    1.35970600 
	 270	
 H                  4.77778600   -0.52581400    2.18833600 
 C                  4.87630400   -1.29641200    0.17937000 
 H                  5.95193400   -1.11601500    0.09142200 
 C                  4.17604500   -1.83629700   -0.89493600 
 H                  4.70656400   -2.06648500   -1.82505200 
 O                  0.74786500    2.54792500   -1.21774600 
 O                 -0.90179500    2.20654800    1.59776800 
 C                 -2.28288400    2.27326200   -0.33602700 
 C                 -3.23614200    3.10039100    0.27332800 
 C                 -2.44500400    1.90336500   -1.67280500 
 H                 -3.09159400    3.39808500    1.31650300 
 H                 -1.67778100    1.27633100   -2.14087700 
 C                 -4.34253600    3.53811000   -0.44628600 
 C                 -3.55163100    2.34176800   -2.39318500 
 H                 -5.08472500    4.18371800    0.03259700 
 H                 -3.67088000    2.04813100   -3.44070300 
 C                 -4.50259800    3.15679100   -1.77947500 
 H                 -5.37305100    3.50242600   -2.34545900 
 C                  1.65182200    3.24885000   -0.46839200 
 H                  1.68704200    4.31466100   -0.81020800 
 H                  1.37122700    3.32939300    0.61328200 
 C                  3.07773600    2.74223000   -0.52560700 
 C                  3.51075700    1.95279300   -1.59436900 
	 271	
 C                  4.00490500    3.10251200    0.45948200 
 H                  2.77808600    1.66390700   -2.35634900 
 H                  3.67051200    3.71158700    1.30901200 
 C                  4.84349100    1.55360800   -1.69075100 
 C                  5.33643800    2.70250600    0.36908700 
 H                  5.16778700    0.94010200   -2.53897600 
 H                  6.04834800    2.99408600    1.14848100 
 C                  5.76336900    1.93202700   -0.71375700 
 H                  6.80993400    1.61914100   -0.78914200 
 
RBz(O-CAr) E=-1977.870738 
 Pd                 0.50842200   -0.61146200   -0.76168200 
 N                  0.13547400    1.93025600    1.04116400 
 N                  2.11279800    1.12907500    1.16322700 
 C                  0.90430300    0.91164800    0.56632800 
 C                 -0.34625300    4.86528400   -1.66513200 
 H                 -0.29851900    5.42021600   -0.71268000 
 H                 -1.25318400    5.19554800   -2.20084600 
 H                  0.52147900    5.16967000   -2.27420000 
 C                 -0.39525100    2.59215900   -2.75411500 
 H                 -0.30902400    1.50272700   -2.58015800 
 H                  0.42830400    2.89779300   -3.42192800 
 H                 -1.34426600    2.77568200   -3.28781200 
	 272	
 C                 -0.33756300    3.35922300   -1.43700200 
 H                  0.62352200    3.10572500   -0.95414800 
 C                 -1.45609200    2.92131300   -0.51465800 
 C                 -1.21838400    2.18874100    0.65909500 
 C                 -2.25369300    1.74498500    1.50188500 
 C                 -1.97211300    0.86671700    2.70309800 
 H                 -0.92802400    1.04694500    3.01840200 
 C                 -2.08979300   -0.60304500    2.30582300 
 H                 -1.44310200   -0.85401100    1.44293100 
 H                 -3.13078300   -0.83924800    2.02229400 
 H                 -1.81217900   -1.26260600    3.14592100 
 C                 -2.87153600    1.16511300    3.89311700 
 H                 -2.85576200    2.23228600    4.17039000 
 H                 -2.54757300    0.58351600    4.77184100 
 H                 -3.92014700    0.88260800    3.69328300 
 C                 -3.56182300    2.08373800    1.14953000 
 H                 -4.39293200    1.75799900    1.78308200 
 C                 -3.82482300    2.82087400   -0.00201300 
 H                 -4.85778800    3.07675300   -0.25958900 
 C                 -2.78485000    3.22384000   -0.83035900 
 H                 -3.00494100    3.78725400   -1.74336700 
 C                  0.84262200    2.75720800    1.90458200 
 H                  0.38340900    3.62596500    2.37414400 
	 273	
 C                  2.09416100    2.24379100    1.98816800 
 H                  2.97206700    2.56270200    2.54870800 
 C                  2.98311000   -1.13676700    4.23495700 
 H                  3.43359600   -0.14567500    4.41584900 
 H                  3.78040800   -1.89149600    4.35312900 
 H                  2.23783800   -1.31653900    5.02797300 
 C                  1.67617500   -2.56409400    2.61678600 
 H                  1.14105100   -2.57302800    1.65147900 
 H                  0.94593700   -2.78713000    3.41288400 
 H                  2.41368800   -3.38606300    2.60490500 
 C                  2.33627900   -1.21347100    2.85625300 
 H                  1.53582700   -0.45304300    2.82482500 
 C                  3.34353100   -0.88123300    1.77514600 
 C                  3.24563700    0.27506000    0.98432800 
 C                  4.20983600    0.62086800    0.02053200 
 C                  4.07562800    1.87142400   -0.82549400 
 H                  3.40450600    2.56747100   -0.29013700 
 C                  5.40133700    2.59004700   -1.03283600 
 H                  5.91647000    2.79303300   -0.07912200 
 H                  5.23702100    3.55579500   -1.53878500 
 H                  6.09011600    2.00948800   -1.67052500 
 C                  3.41866900    1.55261900   -2.16546900 
 H                  3.27273200    2.47272900   -2.75718300 
	 274	
 H                  2.43550800    1.06693600   -2.02735500 
 H                  4.05204500    0.86889700   -2.75961200 
 C                  5.28270500   -0.25618800   -0.16276500 
 H                  6.04613900   -0.02540400   -0.91265800 
 C                  5.39339400   -1.42009600    0.59282800 
 H                  6.23982400   -2.09492600    0.43207000 
 C                  4.43732700   -1.72478400    1.55529500 
 H                  4.54045500   -2.63785500    2.15174000 
 C                 -1.27490900   -1.93957700   -2.81529800 
 O                 -2.35902600   -2.06405700   -1.90427100 
 C                 -3.22602600   -1.05413700   -1.77397100 
 O                 -3.20747300   -0.05524200   -2.45108300 
 C                 -4.22699400   -1.32750300   -0.70913900 
 C                 -5.22763400   -0.37643900   -0.48619200 
 C                 -4.18453800   -2.48662700    0.07476700 
 H                 -5.24352800    0.52421200   -1.10644800 
 H                 -3.39813500   -3.22640700   -0.09505300 
 C                 -6.17334000   -0.57671900    0.51440600 
 C                 -5.13271600   -2.68631500    1.07312500 
 H                 -6.95258900    0.17176200    0.68711500 
 H                 -5.09536200   -3.59162100    1.68577900 
 C                 -6.12452500   -1.73082500    1.29674200 
 H                 -6.86741900   -1.88844000    2.08446900 
	 275	
 H                 -1.24643200   -0.92313700   -3.23878600 
 H                 -1.46903700   -2.64231600   -3.64788700 
 C                  0.01868800   -2.28234400   -2.13291400 
 C                  1.23673700   -1.74648500   -2.62445000 
 C                  0.09042500   -3.34865200   -1.19535700 
 C                  2.46891800   -2.32992200   -2.25632800 
 H                  1.21301100   -0.99294000   -3.42216900 
 C                  1.31092800   -3.91174900   -0.84702000 
 H                 -0.84073300   -3.76262600   -0.79405200 
 C                  2.50472700   -3.41619400   -1.39384400 
 H                  3.39791400   -1.92447700   -2.67047700 
 H                  1.33824400   -4.74773600   -0.14074000 
 H                  3.46336700   -3.86956800   -1.12265300 
 
TSBz(O-CAr) E=-1977.815210  
 Pd                 0.17474200   -0.66446300   -0.76064000 
 N                  0.07119600    2.02650300    0.79828500 
 N                  1.99678400    1.14230200    1.06637300 
 C                  0.81268300    0.94522500    0.41730000 
 C                 -0.12351600    4.58707600   -2.34827900 
 H                 -0.05187000    5.29835300   -1.50825000 
 H                 -0.98392800    4.88824900   -2.97059800 
 H                  0.78165700    4.70653000   -2.96759800 
	 276	
 C                 -0.36920300    2.17511200   -3.02797800 
 H                 -0.42868500    1.13300600   -2.66300700 
 H                  0.49772900    2.25713500   -3.70664500 
 H                 -1.27858700    2.37648100   -3.62168700 
 C                 -0.24762400    3.14969100   -1.86059800 
 H                  0.68686200    2.90521500   -1.32322400 
 C                 -1.40395800    2.96367700   -0.90052600 
 C                 -1.24839500    2.36660700    0.35770200 
 C                 -2.31969500    2.16882700    1.24910900 
 C                 -2.11722300    1.44742500    2.56823600 
 H                 -1.13094900    1.75075200    2.96728100 
 C                 -2.07725200   -0.06758500    2.36573800 
 H                 -1.32803600   -0.37612100    1.61578400 
 H                 -3.05819000   -0.43555600    2.01614800 
 H                 -1.84748500   -0.57514700    3.31831500 
 C                 -3.15857200    1.80066400    3.61774500 
 H                 -3.24859700    2.88902600    3.77037600 
 H                 -2.89138200    1.34648300    4.58584500 
 H                 -4.15640400    1.41127700    3.34881200 
 C                 -3.57813900    2.62047700    0.84739400 
 H                 -4.43841300    2.49496200    1.51190600 
 C                 -3.76354600    3.21322100   -0.39990700 
 H                 -4.76097000    3.55237100   -0.69691600 
	 277	
 C                 -2.69170600    3.37058800   -1.26832100 
 H                 -2.85084500    3.83245500   -2.24860600 
 C                  0.77309200    2.86471600    1.65432700 
 H                  0.33330600    3.77847000    2.05100500 
 C                  1.98660100    2.29728600    1.83672000 
 H                  2.84611900    2.59775900    2.43420400 
 C                  2.32429700   -1.24482000    4.19624900 
 H                  2.78673700   -0.28932100    4.49781000 
 H                  3.04841000   -2.04986100    4.41174100 
 H                  1.44550500   -1.41207500    4.84160600 
 C                  1.25179400   -2.53662800    2.31575100 
 H                  0.87303600   -2.47877400    1.27845700 
 H                  0.39715900   -2.76417500    2.97535500 
 H                  1.95163300   -3.38895100    2.37720800 
 C                  1.91419900   -1.22892900    2.72818300 
 H                  1.15681500   -0.43336600    2.61028700 
 C                  3.09397700   -0.88784400    1.84028400 
 C                  3.12445500    0.26499000    1.04201100 
 C                  4.24653800    0.64085600    0.27723100 
 C                  4.23645500    1.90994400   -0.55748600 
 H                  3.65701300    2.66640600    0.00293100 
 C                  5.62092100    2.49167800   -0.79459400 
 H                  6.18230600    2.63124800    0.14398900 
	 278	
 H                  5.53822600    3.47484500   -1.28596100 
 H                  6.22803900    1.85356500   -1.46004800 
 C                  3.51536200    1.70521700   -1.88839400 
 H                  3.41244800    2.66461100   -2.42427100 
 H                  2.50640300    1.28077900   -1.75081300 
 H                  4.08543000    1.02186100   -2.54341500 
 C                  5.35591300   -0.20745000    0.30948600 
 H                  6.24999300    0.04407200   -0.26833700 
 C                  5.34415700   -1.37249700    1.07377400 
 H                  6.22403200   -2.02346100    1.08311900 
 C                  4.22757100   -1.70877800    1.82888300 
 H                  4.23654100   -2.62219200    2.43375700 
 C                 -0.72865300   -2.52506300   -2.51874700 
 O                 -2.14156100   -2.58941000   -1.11911800 
 C                 -2.72920100   -1.49400700   -0.84479800 
 O                 -2.20886300   -0.36800200   -0.89547200 
 C                 -4.16721500   -1.61371800   -0.41597100 
 C                 -4.90030900   -0.45358100   -0.14776500 
 C                 -4.77993900   -2.86157100   -0.26478300 
 H                 -4.40471000    0.51197000   -0.27686200 
 H                 -4.20144700   -3.76383900   -0.48045600 
 C                 -6.22280000   -0.53618000    0.27731500 
 C                 -6.10403100   -2.94577100    0.16005400 
	 279	
 H                 -6.78719900    0.37871500    0.48602800 
 H                 -6.57720000   -3.92525000    0.28030100 
 C                 -6.82640700   -1.78442700    0.43465400 
 H                 -7.86580200   -1.85290300    0.77058600 
 H                 -1.01663100   -1.65132300   -3.11476200 
 H                 -1.23618600   -3.45528800   -2.78173200 
 C                  0.58795400   -2.60069700   -2.00172500 
 C                  1.56532100   -1.55193700   -2.17438300 
 C                  0.99566000   -3.80086800   -1.32641900 
 C                  2.91950400   -1.82891300   -1.82941400 
 H                  1.37799000   -0.76348000   -2.91947200 
 C                  2.29833600   -3.99998700   -0.95445600 
 H                  0.23666500   -4.56846000   -1.13763500 
 C                  3.27858000   -3.01099900   -1.22954500 
 H                  3.68190100   -1.07568200   -2.04959200 
 H                  2.59052700   -4.93096100   -0.45841300 
 H                  4.32451200   -3.19363500   -0.96537200 
 
PBz(O-CAr) E=-1977.863592 
 Pd                 0.18704600   -0.59074500   -1.06262800 
 N                 -0.19478800    1.74551400    1.01281000 
 N                  1.80419100    1.01920800    1.21169200 
 C                  0.65397800    0.80193000    0.51174000 
	 280	
 C                 -0.54193300    4.71522500   -1.66111500 
 H                 -0.54577000    5.24803400   -0.69513900 
 H                 -1.41950000    5.05806400   -2.23619000 
 H                  0.35741400    5.03252900   -2.21615100 
 C                 -0.52494300    2.47171200   -2.80297100 
 H                 -0.50153700    1.37634200   -2.65365200 
 H                  0.35984600    2.75581900   -3.39952400 
 H                 -1.42064900    2.70652600   -3.40474800 
 C                 -0.54326400    3.20409600   -1.46666000 
 H                  0.39230200    2.94667500   -0.93874800 
 C                 -1.70677600    2.74902300   -0.61032200 
 C                 -1.53140100    2.03250000    0.57992300 
 C                 -2.60112500    1.65731700    1.41578300 
 C                 -2.35817900    0.91409000    2.71760800 
 H                 -1.46057500    1.36116200    3.18455300 
 C                 -2.04976700   -0.56286600    2.48543000 
 H                 -1.24124400   -0.71858600    1.75491100 
 H                 -2.94188600   -1.08840200    2.10234200 
 H                 -1.75968300   -1.04855900    3.43345000 
 C                 -3.49664700    1.05268700    3.71533500 
 H                 -3.76540500    2.10505800    3.90553600 
 H                 -3.21099700    0.60039000    4.67909100 
 H                 -4.40428000    0.52582600    3.37247100 
	 281	
 C                 -3.88749000    1.99464600    0.99303600 
 H                 -4.75164900    1.71334300    1.60176900 
 C                 -4.09517400    2.68079900   -0.20233000 
 H                 -5.11533400    2.92704900   -0.51471400 
 C                 -3.01835600    3.05436800   -0.99433300 
 H                 -3.19134600    3.60583000   -1.92484200 
 C                  0.41114100    2.52395200    1.98807400 
 H                 -0.11910000    3.33475800    2.48497800 
 C                  1.67017400    2.05376500    2.12715100 
 H                  2.48546300    2.34702100    2.78656400 
 C                  2.21753000   -1.84446500    3.96614000 
 H                  2.59443700   -0.94109000    4.47520200 
 H                  2.98131100   -2.63424100    4.07298300 
 H                  1.31814500   -2.18404000    4.50715000 
 C                  1.35183500   -2.81425700    1.80901500 
 H                  1.04346200   -2.59055200    0.77261900 
 H                  0.46985700   -3.21221500    2.33919300 
 H                  2.11251500   -3.61476600    1.77610300 
 C                  1.88250700   -1.56853200    2.50555700 
 H                  1.07023000   -0.82047400    2.49754100 
 C                  3.06878400   -0.98305800    1.76823700 
 C                  3.01889200    0.26677200    1.13365200 
 C                  4.14261400    0.86861800    0.52951000 
	 282	
 C                  4.05321500    2.25250500   -0.09432800 
 H                  3.46553900    2.88060900    0.60068200 
 C                  5.40219700    2.92977000   -0.26978900 
 H                  5.98115000    2.96579600    0.66752200 
 H                  5.25982600    3.96708300   -0.61390600 
 H                  6.01972400    2.42354200   -1.03212400 
 C                  3.29987600    2.24861200   -1.42397100 
 H                  3.11255000    3.28204300   -1.76279000 
 H                  2.32806600    1.73355100   -1.35502200 
 H                  3.89233300    1.74887300   -2.21111900 
 C                  5.33713800    0.14441900    0.54554600 
 H                  6.23730700    0.56904600    0.09305300 
 C                  5.40538600   -1.11637600    1.13482600 
 H                  6.35234600   -1.66518200    1.13061400 
 C                  4.28577600   -1.67402700    1.73732700 
 H                  4.35648500   -2.65843000    2.21252500 
 C                 -0.17865900   -1.75488600   -2.76356100 
 O                 -1.88072000   -2.76061400   -0.19876100 
 C                 -2.45928600   -1.70709100   -0.46094600 
 O                 -1.91598100   -0.58741000   -0.76124500 
 C                 -3.97115500   -1.66949600   -0.42260100 
 C                 -4.69447100   -0.62208100   -1.00073400 
 C                 -4.66323200   -2.70354900    0.21619100 
	 283	
 H                 -4.14863100    0.18744000   -1.49350300 
 H                 -4.08233300   -3.52010100    0.65586200 
 C                 -6.08641800   -0.60670200   -0.93754700 
 C                 -6.05339600   -2.68355000    0.29294400 
 H                 -6.64386100    0.21684900   -1.39636000 
 H                 -6.58503300   -3.49210900    0.80460700 
 C                 -6.76844700   -1.63389000   -0.28544300 
 H                 -7.86150400   -1.61809600   -0.22917500 
 H                 -0.39477900   -0.98960800   -3.52216300 
 H                 -0.93165800   -2.54358200   -2.65973800 
 C                  1.17610900   -2.06873600   -2.46654500 
 C                  2.10965300   -0.98832900   -2.42888000 
 C                  1.58652800   -3.34069100   -1.96244400 
 C                  3.43677500   -1.22847100   -2.00176600 
 H                  1.87666300   -0.05911800   -2.96597400 
 C                  2.87968200   -3.53964400   -1.54807000 
 H                  0.85264800   -4.15297900   -1.93795000 
 C                  3.81839700   -2.48168600   -1.57826100 
 H                  4.16893700   -0.41682400   -2.03820300 
 H                  3.19155000   -4.52662200   -1.19218400 




R-Bz(O-Car)_2  E=-1977.864305 
 Pd                 0.11250800    0.22472200    0.61578600 
 N                 -2.02937100   -1.82571600   -0.05446700 
 N                 -0.14414700   -2.39309000   -0.89502600 
 C                 -0.74122300   -1.40014400   -0.17874600 
 C                 -3.10153200   -2.91269300    3.68265900 
 H                 -3.76499400   -3.53131400    3.05498000 
 H                 -3.73511600   -2.37225100    4.40730900 
 H                 -2.45308500   -3.59319300    4.25948800 
 C                 -1.32310400   -1.12688600    3.70798400 
 H                 -0.69235000   -0.46289100    3.08437200 
 H                 -0.65711900   -1.77717300    4.30012500 
 H                 -1.88156800   -0.49116600    4.41745400 
 C                 -2.26429300   -1.95682000    2.84165000 
 H                 -1.63731100   -2.56979800    2.16871000 
 C                 -3.13572300   -1.06341600    1.98391400 
 C                 -3.03024800   -1.02886600    0.58390900 
 C                 -3.81629200   -0.18039500   -0.21455400 
 C                 -3.65863400   -0.11225600   -1.71911700 
 H                 -2.95993000   -0.90942300   -2.02790200 
 C                 -3.03175000    1.21496400   -2.13004000 
 H                 -2.06365400    1.36599400   -1.62038700 
 H                 -3.68559000    2.06666900   -1.87064700 
	 285	
 H                 -2.85615800    1.24794700   -3.21914100 
 C                 -4.97700200   -0.36056900   -2.43967800 
 H                 -5.42157900   -1.32837000   -2.15203400 
 H                 -4.82661300   -0.37105800   -3.53215600 
 H                 -5.71887800    0.42686600   -2.22044400 
 C                 -4.72882600    0.65798500    0.43230300 
 H                 -5.34306400    1.34350000   -0.16183700 
 C                 -4.85048600    0.64745300    1.81810300 
 H                 -5.56477100    1.31647100    2.30802400 
 C                 -4.06441300   -0.20737800    2.58400400 
 H                 -4.16575200   -0.20425000    3.67465800 
 C                 -2.22948800   -3.05093300   -0.67304600 
 H                 -3.20024400   -3.54492700   -0.67771000 
 C                 -1.03426100   -3.40969200   -1.20925900 
 H                 -0.73348700   -4.28812300   -1.77878400 
 C                  0.45080200   -1.75777200   -4.72728700 
 H                  0.26779000   -2.83927100   -4.60735300 
 H                  1.39983100   -1.63898200   -5.27902600 
 H                 -0.35361500   -1.34913300   -5.36169900 
 C                  0.68643400    0.45801600   -3.55039700 
 H                  0.66455700    0.97977900   -2.57755200 
 H                 -0.11724500    0.88386100   -4.17473400 
 H                  1.64453300    0.69493600   -4.04595200 
	 286	
 C                  0.49249700   -1.04453600   -3.38116500 
 H                 -0.49018300   -1.18929200   -2.89882100 
 C                  1.54985000   -1.64947200   -2.47991900 
 C                  1.22825900   -2.32271100   -1.28888500 
 C                  2.20476100   -2.86585800   -0.43678800 
 C                  1.84545600   -3.52729600    0.87738500 
 H                  0.75027500   -3.67315000    0.89567000 
 C                  2.49140100   -4.89852100    1.02592500 
 H                  2.24851200   -5.55871800    0.17638900 
 H                  2.14128500   -5.39328400    1.94706900 
 H                  3.59097500   -4.83064600    1.09334200 
 C                  2.19817900   -2.61626800    2.04983100 
 H                  1.90073800   -3.07748200    3.00685900 
 H                  1.68566100   -1.63832700    1.96551500 
 H                  3.28565400   -2.42589200    2.09704700 
 C                  3.54398400   -2.72303000   -0.81315200 
 H                  4.33106200   -3.12546400   -0.16619500 
 C                  3.89091800   -2.06496200   -1.98960200 
 H                  4.94497200   -1.95957100   -2.26427300 
 C                  2.90305100   -1.53713100   -2.81467800 
 H                  3.18677800   -1.01439300   -3.73480800 
 C                  2.78174200    1.71292900   -0.74125500 
 O                  1.69855700    2.63788000   -0.77802500 
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 C                  0.78006800    2.56508100    0.19549300 
 O                  1.01824800    2.06016600    1.30131800 
 C                 -0.45679800    3.32381800   -0.10872500 
 C                 -1.46833900    3.37999000    0.86133900 
 C                 -0.64104300    3.97237000   -1.33608000 
 H                 -1.32475500    2.85686300    1.81208600 
 H                  0.14509900    3.92806400   -2.09421200 
 C                 -2.64543200    4.07048900    0.60451300 
 C                 -1.82224600    4.66681100   -1.58720400 
 H                 -3.43179700    4.10350400    1.36450800 
 H                 -1.96034300    5.17187300   -2.54783300 
 C                 -2.82532000    4.71728700   -0.62083100 
 H                 -3.75329500    5.26107600   -0.82228800 
 H                  2.36015500    0.68719000   -0.67185000 
 H                  3.26377000    1.81554100   -1.72836700 
 C                  3.77789800    1.93822700    0.35560100 
 C                  4.16975300    3.22505900    0.73452000 
 C                  4.35753600    0.83490000    0.98691700 
 C                  5.12304000    3.40387200    1.73408600 
 H                  3.71339600    4.09428600    0.24841700 
 C                  5.31880600    1.01309300    1.97986200 
 H                  4.03928100   -0.17436200    0.69833400 
 C                  5.70246300    2.29872200    2.35819900 
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 H                  5.41741500    4.41581600    2.02936200 
 H                  5.76220300    0.14029500    2.46953800 
 H                  6.45066900    2.44066900    3.14399000 
 
TSBz(O-CAr)_2 E=-1977.803962 
 Pd                 0.24062500    0.67616300   -0.30530700 
 N                  1.17585100   -2.06844200    0.86051300 
 N                  2.79655700   -1.02659200   -0.06684600 
 C                  1.47360400   -0.89434800    0.23768800 
 C                  0.54492200   -1.63840800    4.95754200 
 H                  0.84630900   -2.69755000    5.01761100 
 H                 -0.40890600   -1.52808400    5.50149400 
 H                  1.29554200   -1.04465200    5.50514900 
 C                 -0.03537800    0.29063400    3.44554600 
 H                 -0.05591500    0.64566100    2.39900700 
 H                  0.62144600    0.95725700    4.03112100 
 H                 -1.05991900    0.38972100    3.84756100 
 C                  0.43992200   -1.15901100    3.51655000 
 H                  1.45574200   -1.19903600    3.08077700 
 C                 -0.46775500   -2.02389500    2.66712900 
 C                 -0.12140600   -2.41210300    1.36245300 
 C                 -0.99678300   -3.12821300    0.52842800 
 C                 -0.64420300   -3.45922800   -0.90695100 
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 H                  0.45309300   -3.38065200   -1.01560400 
 C                 -1.26952500   -2.43224800   -1.84818900 
 H                 -0.90271800   -1.41142400   -1.63360700 
 H                 -2.37012100   -2.42273800   -1.74492200 
 H                 -1.03540800   -2.67135100   -2.89947200 
 C                 -1.04024800   -4.87404600   -1.30595500 
 H                 -0.63823500   -5.62807800   -0.60869700 
 H                 -0.65601300   -5.10886200   -2.31235500 
 H                 -2.13566400   -5.00251600   -1.34505300 
 C                 -2.24956200   -3.47072300    1.04555700 
 H                 -2.96050700   -4.01880600    0.41821000 
 C                 -2.61193500   -3.11225500    2.33986400 
 H                 -3.59744400   -3.39028500    2.72655700 
 C                 -1.73175000   -2.39117500    3.13903100 
 H                 -2.03660000   -2.09627800    4.14839800 
 C                  2.27852100   -2.90958200    0.93532100 
 H                  2.22436400   -3.89256600    1.40084900 
 C                  3.30451200   -2.25173300    0.34043800 
 H                  4.34358400   -2.53246700    0.17349100 
 C                  3.45018800   -1.84879300   -3.86950600 
 H                  4.23228400   -2.37517400   -3.29603200 
 H                  3.95409000   -1.24573000   -4.64497200 
 H                  2.84276000   -2.61054200   -4.38637900 
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 C                  1.47697700   -0.28300300   -3.74664700 
 H                  0.81180300    0.28800900   -3.07103300 
 H                  0.85889400   -1.01287600   -4.29572700 
 H                  1.88883000    0.42072000   -4.49090300 
 C                  2.57891300   -0.98700500   -2.96333700 
 H                  2.08543800   -1.66125100   -2.24100000 
 C                  3.41953800    0.00385500   -2.18542300 
 C                  3.53325900   -0.03413000   -0.78612100 
 C                  4.31084200    0.88881300   -0.06359000 
 C                  4.35187000    0.87576300    1.45063100 
 H                  4.12695500   -0.15301700    1.78605500 
 C                  5.71086000    1.25299400    2.02168500 
 H                  6.52603500    0.65280100    1.58462200 
 H                  5.72276300    1.09207800    3.11217800 
 H                  5.94908600    2.31766900    1.85536200 
 C                  3.26011600    1.78825000    2.00548900 
 H                  3.25771000    1.77489500    3.10886400 
 H                  2.25998400    1.48226700    1.65045600 
 H                  3.42469500    2.83181500    1.68016700 
 C                  4.98066700    1.87832800   -0.78813900 
 H                  5.58532900    2.62067500   -0.25796600 
 C                  4.88295900    1.93967300   -2.17528700 
 H                  5.41439000    2.72321700   -2.72398100 
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 C                  4.11382300    1.01002400   -2.86516600 
 H                  4.04471600    1.06735700   -3.95681300 
 C                 -0.65323300    2.52478000   -1.14030500 
 O                 -2.04837100    1.37491000   -1.67428400 
 C                 -2.62642200    0.66493400   -0.76623800 
 O                 -2.08891000    0.26498800    0.26570600 
 C                 -4.05500200    0.31697700   -1.05266900 
 C                 -4.67542700   -0.67349300   -0.28222400 
 C                 -4.77547900    0.95378600   -2.06851000 
 H                 -4.09816900   -1.15913600    0.51066500 
 H                 -4.28288600    1.72341100   -2.66904000 
 C                 -5.99803300   -1.02706500   -0.52993300 
 C                 -6.10304700    0.60752300   -2.30645700 
 H                 -6.47673500   -1.80601600    0.07126000 
 H                 -6.66460100    1.11253200   -3.09818500 
 C                 -6.71422000   -0.38516700   -1.54087600 
 H                 -7.75577000   -0.66041200   -1.73334000 
 H                  0.48995400    2.31148200   -1.03453200 
 H                 -0.76468900    2.93815500   -2.14945800 
 C                 -1.24306800    3.34834100   -0.07861300 
 C                 -2.46499100    4.00982100   -0.28971200 
 C                 -0.62808500    3.45411000    1.17939300 
 C                 -3.05970000    4.73995800    0.73174600 
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 H                 -2.95287600    3.92822000   -1.26689600 
 C                 -1.22335800    4.18793200    2.20109100 
 H                  0.33148800    2.95122300    1.34369600 
 C                 -2.44172400    4.82857300    1.98125900 
 H                 -4.01419700    5.24523400    0.55644700 
 H                 -0.73195300    4.25786000    3.17630600 
 H                 -2.91226600    5.40312200    2.78480600 
 
PBz(O-CAr)_2 E= -1977.863828 
 Pd                 0.28018000    0.16667400   -1.16441000 
 N                 -0.27484600    0.21189700    1.95574200 
 N                  1.68911900   -0.55409600    1.61274200 
 C                  0.60164900   -0.07297800    0.94965200 
 C                 -0.40254400    4.19912700    2.30587700 
 H                 -0.43500500    3.84289700    3.34948400 
 H                 -1.24551900    4.89745800    2.16377100 
 H                  0.52793000    4.77826900    2.17754100 
 C                 -0.38226100    3.53577900   -0.12351300 
 H                 -0.39501500    2.68968300   -0.83495500 
 H                  0.54049900    4.11671000   -0.29798300 
 H                 -1.23770900    4.19100500   -0.36595200 
 C                 -0.44972600    3.04084900    1.31713800 
 H                  0.45197600    2.42813300    1.49478700 
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 C                 -1.66678000    2.16617600    1.53495500 
 C                 -1.57649300    0.79892000    1.82395800 
 C                 -2.70552000   -0.01206700    2.05954300 
 C                 -2.56165400   -1.48635600    2.40070600 
 H                 -1.76752000   -1.56554300    3.16752000 
 C                 -2.11237600   -2.32000100    1.20294400 
 H                 -1.22594600   -1.90828800    0.69740200 
 H                 -2.91320800   -2.37750600    0.44733800 
 H                 -1.88106700   -3.35245700    1.51798300 
 C                 -3.81932200   -2.09661400    2.99769800 
 H                 -4.18535700   -1.54020900    3.87622800 
 H                 -3.61908800   -3.13237700    3.31704400 
 H                 -4.63714800   -2.14232300    2.25668400 
 C                 -3.95756400    0.59756200    1.96592600 
 H                 -4.86532100    0.00748800    2.12137100 
 C                 -4.07806700    1.95238700    1.66207700 
 H                 -5.07238500    2.40481200    1.59081100 
 C                 -2.94679900    2.72708000    1.45214300 
 H                 -3.05190700    3.79350800    1.22449800 
 C                  0.25935500   -0.07644800    3.20332500 
 H                 -0.29533000    0.10949900    4.12162400 
 C                  1.49694100   -0.57630300    2.98707000 
 H                  2.26362100   -0.93989800    3.66935000 
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 C                  2.05530300   -4.58281500    1.12731600 
 H                  2.53427900   -4.47519000    2.11510700 
 H                  2.73435500   -5.17131700    0.48639700 
 H                  1.13769000   -5.17985400    1.26131700 
 C                  1.08878900   -3.39550100   -0.86696100 
 H                  0.70586400   -2.43589400   -1.25997800 
 H                  0.23332900   -4.09121300   -0.82454400 
 H                  1.81499800   -3.80525900   -1.59220800 
 C                  1.71705500   -3.23033300    0.51202000 
 H                  0.95780100   -2.75898600    1.16188200 
 C                  2.92470900   -2.31605700    0.47302900 
 C                  2.90021800   -1.02163900    1.01367500 
 C                  4.03501600   -0.18779600    1.06890200 
 C                  3.95779300    1.19153200    1.69791500 
 H                  3.26808100    1.12191800    2.55906400 
 C                  5.29030200    1.69144600    2.23178700 
 H                  5.76370300    0.97051600    2.91856400 
 H                  5.14527800    2.63481300    2.78325400 
 H                  6.00551800    1.90565800    1.41880500 
 C                  3.36365200    2.21366400    0.73138300 
 H                  3.16699700    3.16961400    1.24683400 
 H                  2.41696800    1.86630000    0.28175900 
 H                  4.06932100    2.41784900   -0.09146700 
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 C                  5.21726400   -0.68123500    0.51314600 
 H                  6.12369600   -0.06889800    0.53073200 
 C                  5.26158400   -1.94853900   -0.06582200 
 H                  6.19813800   -2.31355800   -0.49872000 
 C                  4.13086600   -2.75582200   -0.08613400 
 H                  4.18666800   -3.75643300   -0.52778800 
 C                  0.06404100    0.42478400   -3.20479700 
 O                 -1.99095200   -1.77056900   -2.08250500 
 C                 -2.47640100   -0.75043300   -1.59657000 
 O                 -1.84322100    0.23615000   -1.08237300 
 C                 -3.97962100   -0.59741100   -1.54434400 
 C                 -4.58763200    0.66001600   -1.48244200 
 C                 -4.78173500   -1.74305600   -1.54019900 
 H                 -3.95638400    1.55370400   -1.48241900 
 H                 -4.29526400   -2.72082300   -1.61187300 
 C                 -5.97473500    0.76920100   -1.41134000 
 C                 -6.16688500   -1.63722900   -1.43933900 
 H                 -6.44284900    1.75819100   -1.37102500 
 H                 -6.78434900   -2.54079900   -1.41795300 
 C                 -6.76647300   -0.37889900   -1.37628200 
 H                 -7.85533800   -0.29295800   -1.30506000 
 H                 -0.16985000   -0.57379900   -3.59504300 
 H                 -0.66415100    1.20459100   -3.46437400 
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 C                  1.43634200    0.80402600   -3.06246600 
 C                  1.86202100    2.16405100   -3.06348800 
 C                  2.39304900   -0.19386300   -2.73511300 
 C                  3.18476600    2.48628100   -2.84501100 
 H                  1.12244700    2.94306400   -3.27897700 
 C                  3.73283800    0.15254100   -2.51431600 
 H                  2.09915100   -1.24838800   -2.78563000 
 C                  4.13013700    1.47730800   -2.58191200 
 H                  3.50263700    3.53298200   -2.87689500 
 H                  4.46332400   -0.63367100   -2.30383300 
 H                  5.18003200    1.74268600   -2.42078800 
 
SN2-RBz(O-CAr) E=-1977.873126  
Pd      -0.541611000     -0.556139000     -0.629976000 
N       -1.587347000      1.931692000      0.828168000 
N       -3.177714000      0.518166000      0.620857000 
C       -1.858637000      0.689763000      0.339635000 
C        0.697163000      2.280652000      4.305709000 
H        0.286984000      3.302475000      4.369569000 
H        1.794573000      2.351283000      4.398652000 
H        0.337137000      1.717359000      5.182543000 
C        0.908901000      0.191316000      2.922536000 
H        0.534281000     -0.348934000      2.034562000 
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H        0.673953000     -0.410059000      3.817567000 
H        2.008458000      0.254548000      2.829612000 
C        0.281251000      1.579259000      3.020098000 
H       -0.815507000      1.443946000      3.053837000 
C        0.614228000      2.386631000      1.782414000 
C       -0.297496000      2.542816000      0.723610000 
C        0.022179000      3.239294000     -0.454136000 
C       -0.952746000      3.381172000     -1.604537000 
H       -1.907567000      2.914095000     -1.303754000 
C       -0.454504000      2.631078000     -2.834899000 
H       -0.307622000      1.558252000     -2.607698000 
H        0.506103000      3.038029000     -3.197375000 
H       -1.180267000      2.708676000     -3.662091000 
C       -1.239564000      4.844422000     -1.916812000 
H       -1.617248000      5.380565000     -1.029615000 
H       -1.999339000      4.930982000     -2.711545000 
H       -0.336060000      5.372807000     -2.267633000 
C        1.305100000      3.786869000     -0.555810000 
H        1.585984000      4.331309000     -1.463896000 
C        2.229530000      3.639795000      0.472670000 
H        3.231964000      4.066776000      0.371281000 
C        1.885633000      2.947787000      1.629435000 
H        2.625757000      2.828401000      2.427054000 
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C       -2.709697000      2.521907000      1.390528000 
H       -2.680890000      3.518327000      1.829308000 
C       -3.719235000      1.623764000      1.260884000 
H       -4.765745000      1.664273000      1.559503000 
C       -5.818867000      0.869908000     -2.476838000 
H       -6.485326000      1.150676000     -1.643961000 
H       -6.322178000      0.077387000     -3.057141000 
H       -5.721802000      1.745421000     -3.140265000 
C       -3.533832000      0.036628000     -3.132509000 
H       -2.529348000     -0.249618000     -2.766657000 
H       -3.417213000      0.874253000     -3.841085000 
H       -3.943778000     -0.821596000     -3.694026000 
C       -4.450990000      0.425710000     -1.976526000 
H       -3.988665000      1.289891000     -1.467023000 
C       -4.543625000     -0.710636000     -0.980093000 
C       -3.902532000     -0.663460000      0.269264000 
C       -3.911471000     -1.743393000      1.168082000 
C       -3.138258000     -1.715802000      2.469927000 
H       -2.816027000     -0.674296000      2.654737000 
C       -3.980837000     -2.153321000      3.660105000 
H       -4.904513000     -1.557267000      3.749487000 
H       -3.412049000     -2.035548000      4.597425000 
H       -4.271663000     -3.215732000      3.590774000 
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C       -1.876508000     -2.564250000      2.336080000 
H       -1.273387000     -2.527490000      3.259591000 
H       -1.250274000     -2.205240000      1.498392000 
H       -2.127659000     -3.622394000      2.140057000 
C       -4.604494000     -2.896000000      0.785754000 
H       -4.623859000     -3.760447000      1.457686000 
C       -5.257971000     -2.965503000     -0.440305000 
H       -5.793187000     -3.877717000     -0.721220000 
C       -5.225287000     -1.884420000     -1.314673000 
H       -5.729182000     -1.956957000     -2.284354000 
C        2.380014000     -0.113741000     -0.877396000 
O        3.782513000     -0.407570000     -1.011477000 
C        4.560903000     -0.324547000      0.070203000 
O        4.163870000     -0.026066000      1.172988000 
C        5.981590000     -0.640006000     -0.236847000 
C        6.907831000     -0.581700000      0.810469000 
C        6.409241000     -0.987060000     -1.523600000 
H        6.555806000     -0.310254000      1.809647000 
H        5.684269000     -1.033737000     -2.339590000 
C        8.248398000     -0.865369000      0.574765000 
C        7.751456000     -1.271104000     -1.756229000 
H        8.969597000     -0.818451000      1.395858000 
H        8.083646000     -1.542655000     -2.762439000 
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C        8.670863000     -1.210125000     -0.709352000 
H        9.725676000     -1.433811000     -0.895514000 
H        2.228611000      0.490781000      0.031967000 
H        2.113387000      0.496392000     -1.753847000 
C        1.561748000     -1.373296000     -0.833494000 
C        1.741148000     -2.290312000      0.234825000 
C        0.757264000     -1.769303000     -1.935083000 
C        1.150385000     -3.543190000      0.204320000 
H        2.371696000     -1.995556000      1.081676000 
C        0.119731000     -3.033286000     -1.921432000 
H        0.755155000     -1.169800000     -2.855178000 
C        0.323932000     -3.914689000     -0.869660000 
H        1.312372000     -4.238877000      1.033736000 
H       -0.500693000     -3.326212000     -2.774608000 
H       -0.157510000     -4.897309000     -0.876858000 
 
SN2-TSBz(O-CAr) E=-1977.837851 
Pd      -0.977329000     -0.628430000     -0.868494000 
N       -0.632527000      1.663334000      1.263856000 
N       -2.665662000      1.044224000      1.010531000 
C       -1.408900000      0.797874000      0.563546000 
C        1.956185000      0.239056000      4.331038000 
H        2.171930000      1.266234000      4.669454000 
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H        2.919608000     -0.275124000      4.172509000 
H        1.446176000     -0.287844000      5.154156000 
C        0.909649000     -1.217914000      2.584368000 
H        0.198480000     -1.272126000      1.740615000 
H        0.528103000     -1.863624000      3.394000000 
H        1.871810000     -1.627423000      2.228167000 
C        1.091340000      0.215985000      3.079100000 
H        0.095420000      0.607130000      3.358140000 
C        1.636552000      1.089861000      1.967193000 
C        0.785295000      1.782967000      1.087307000 
C        1.264274000      2.563994000      0.022814000 
C        0.343973000      3.342367000     -0.895524000 
H       -0.698829000      3.113199000     -0.612007000 
C        0.514978000      2.931766000     -2.352732000 
H        0.288289000      1.860726000     -2.498031000 
H        1.543244000      3.111329000     -2.711369000 
H       -0.163620000      3.509712000     -3.002059000 
C        0.543977000      4.842533000     -0.711258000 
H        0.390384000      5.143015000      0.339242000 
H       -0.167536000      5.411605000     -1.332852000 
H        1.562289000      5.153917000     -1.002546000 
C        2.650078000      2.624317000     -0.161568000 
H        3.057999000      3.221048000     -0.984563000 
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C        3.514562000      1.937135000      0.682974000 
H        4.596556000      1.990222000      0.520520000 
C        3.012054000      1.180732000      1.737419000 
H        3.705531000      0.636569000      2.385065000 
C       -1.393679000      2.445769000      2.121254000 
H       -0.941925000      3.202303000      2.761492000 
C       -2.682675000      2.049542000      1.965227000 
H       -3.605099000      2.384507000      2.436978000 
C       -5.174573000      3.137506000     -1.515801000 
H       -5.700655000      3.386666000     -0.579283000 
H       -5.921710000      2.747949000     -2.228292000 
H       -4.781693000      4.075586000     -1.941492000 
C       -3.341655000      1.788978000     -2.588564000 
H       -2.494337000      1.096894000     -2.416302000 
H       -2.951675000      2.691802000     -3.088230000 
H       -4.039157000      1.294548000     -3.287628000 
C       -4.042018000      2.147835000     -1.280346000 
H       -3.298492000      2.645352000     -0.632121000 
C       -4.503171000      0.885303000     -0.583408000 
C       -3.810410000      0.342335000      0.512968000 
C       -4.166152000     -0.881161000      1.106063000 
C       -3.361480000     -1.504950000      2.227094000 
H       -2.616543000     -0.763553000      2.569850000 
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C       -4.226594000     -1.871241000      3.425514000 
H       -4.791093000     -1.001875000      3.801951000 
H       -3.600282000     -2.249252000      4.250473000 
H       -4.953838000     -2.664229000      3.180261000 
C       -2.592265000     -2.714818000      1.703324000 
H       -1.964119000     -3.159519000      2.493715000 
H       -1.932106000     -2.428614000      0.862383000 
H       -3.279268000     -3.499500000      1.339291000 
C       -5.270453000     -1.557019000      0.577106000 
H       -5.570780000     -2.516694000      1.010517000 
C       -5.983389000     -1.035009000     -0.496780000 
H       -6.843743000     -1.580585000     -0.895913000 
C       -5.600516000      0.171730000     -1.073362000 
H       -6.157968000      0.562404000     -1.930941000 
C        1.321389000     -0.816442000     -1.149670000 
O        3.328940000     -1.130942000     -1.575309000 
C        3.971445000     -1.346441000     -0.498831000 
O        3.542222000     -1.911036000      0.516669000 
C        5.386114000     -0.802272000     -0.474024000 
C        6.190109000     -1.007333000      0.651210000 
C        5.880738000     -0.038043000     -1.535427000 
H        5.783657000     -1.603257000      1.473992000 
H        5.237161000      0.120373000     -2.405506000 
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C        7.465632000     -0.452187000      0.719554000 
C        7.155757000      0.519239000     -1.470168000 
H        8.087555000     -0.614589000      1.605722000 
H        7.534031000      1.120789000     -2.302967000 
C        7.949757000      0.315004000     -0.340914000 
H        8.950502000      0.755279000     -0.287025000 
H        1.664683000     -0.657111000     -0.127099000 
H        1.369480000      0.010455000     -1.859660000 
C        0.636330000     -2.035046000     -1.484874000 
C        0.778445000     -3.211673000     -0.697408000 
C       -0.338852000     -2.007619000     -2.524048000 
C       -0.037443000     -4.297124000     -0.926604000 
H        1.570210000     -3.216365000      0.060338000 
C       -1.179713000     -3.127381000     -2.716063000 
H       -0.328204000     -1.196822000     -3.265331000 
C       -1.038299000     -4.249168000     -1.921136000 
H        0.083440000     -5.204481000     -0.327046000 
H       -1.926850000     -3.106261000     -3.515084000 
H       -1.690248000     -5.114000000     -2.075746000 
 
IPrPd cation E=-1557.667905  
Pd       0.842368000     -0.426798000     -1.007767000 
N        1.024411000      0.678616000      1.525275000 
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N       -1.109894000      0.730322000      1.436252000 
C       -0.021406000      0.372022000      0.728855000 
C        2.933015000     -2.375080000      3.128158000 
H        3.105863000     -1.503039000      3.780832000 
H        3.916945000     -2.805048000      2.873525000 
H        2.382011000     -3.130435000      3.712099000 
C        1.884007000     -3.197949000      0.987521000 
H        1.279488000     -2.915581000      0.105393000 
H        1.335679000     -3.978068000      1.540582000 
H        2.821550000     -3.652198000      0.622654000 
C        2.149367000     -1.990821000      1.878021000 
H        1.169965000     -1.601669000      2.210321000 
C        2.861322000     -0.892083000      1.117655000 
C        2.328652000      0.411448000      0.986652000 
C        3.003766000      1.445370000      0.297670000 
C        2.386917000      2.810908000      0.088559000 
H        1.460185000      2.866382000      0.686989000 
C        1.996760000      2.989739000     -1.375929000 
H        1.316352000      2.183106000     -1.708552000 
H        2.885408000      2.968157000     -2.031354000 
H        1.487809000      3.955269000     -1.533513000 
C        3.304537000      3.931395000      0.559471000 
H        3.585857000      3.808691000      1.618270000 
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H        2.803477000      4.907399000      0.453763000 
H        4.233848000      3.975147000     -0.033578000 
C        4.251818000      1.144478000     -0.250304000 
H        4.798219000      1.921194000     -0.794918000 
C        4.803954000     -0.127788000     -0.123774000 
H        5.784639000     -0.338898000     -0.559831000 
C        4.115401000     -1.133684000      0.542799000 
H        4.561038000     -2.129681000      0.631720000 
C        0.616401000      1.226701000      2.727949000 
H        1.314695000      1.538958000      3.502576000 
C       -0.742561000      1.263064000      2.667787000 
H       -1.485574000      1.612491000      3.383446000 
C       -2.810302000      4.133948000      0.545415000 
H       -2.894089000      3.988698000      1.635698000 
H       -3.823940000      4.332041000      0.155912000 
H       -2.204810000      5.038726000      0.370331000 
C       -2.022479000      3.141635000     -1.632507000 
H       -1.527502000      2.281229000     -2.115129000 
H       -1.412686000      4.038195000     -1.832946000 
H       -2.996441000      3.291457000     -2.129628000 
C       -2.179919000      2.923097000     -0.133017000 
H       -1.165010000      2.802403000      0.286810000 
C       -2.969070000      1.665767000      0.168026000 
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C       -2.452524000      0.618076000      0.946885000 
C       -3.180160000     -0.546384000      1.245502000 
C       -2.569066000     -1.686392000      2.032653000 
H       -1.708240000     -1.285260000      2.598708000 
C       -3.532063000     -2.298027000      3.039478000 
H       -3.962239000     -1.537777000      3.712037000 
H       -3.010042000     -3.042991000      3.662037000 
H       -4.367093000     -2.822755000      2.544664000 
C       -2.033367000     -2.748380000      1.076205000 
H       -1.536668000     -3.563139000      1.629644000 
H       -1.305255000     -2.322386000      0.362819000 
H       -2.856058000     -3.195055000      0.489321000 
C       -4.474310000     -0.645177000      0.727673000 
H       -5.069284000     -1.540865000      0.932275000 
C       -5.013857000      0.376309000     -0.048962000 
H       -6.029655000      0.280046000     -0.443808000 
C       -4.270740000      1.518925000     -0.323486000 
H       -4.708610000      2.317750000     -0.931531000 
C        1.801469000     -1.158274000     -2.760637000 
H        2.541995000     -1.953771000     -2.605160000 
H        2.174269000     -0.232603000     -3.220912000 
C        0.433079000     -1.501344000     -2.873621000 
C       -0.067599000     -2.831483000     -2.673854000 
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C       -0.508283000     -0.413717000     -2.858230000 
C       -1.414970000     -3.049941000     -2.548593000 
H        0.647249000     -3.660180000     -2.645729000 
C       -1.892425000     -0.676115000     -2.721747000 
H       -0.178714000      0.583093000     -3.179517000 
C       -2.335196000     -1.970726000     -2.577536000 
H       -1.790163000     -4.069111000     -2.417885000 
H       -2.600057000      0.158430000     -2.751252000 
H       -3.405951000     -2.175325000     -2.484986000 
 
PhCOO anion E=-420.163968  
O        2.361812000     -1.123917000     -0.035181000 
C        1.823814000      0.000004000      0.000006000 
O        2.361824000      1.123910000      0.035181000 
C        0.280617000      0.000018000     -0.000019000 
C       -0.434164000      1.201344000     -0.012618000 
C       -0.434153000     -1.201330000      0.012613000 
H        0.146032000      2.129859000     -0.020995000 
H        0.146124000     -2.129793000      0.021045000 
C       -1.828282000      1.206542000     -0.015909000 
C       -1.828258000     -1.206561000      0.015919000 
H       -2.375249000      2.155919000     -0.030314000 
H       -2.375219000     -2.155941000      0.030366000 
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C       -2.530425000     -0.000010000      0.000000000 
H       -3.625667000     -0.000023000     -0.000045000 
 
isomer κ1 PBz(O-CAr) E=-1977.873406 
Pd      -0.173089000      0.508735000     -0.132284000 
N        0.797521000     -2.158942000      0.679470000 
N        2.476986000     -1.132725000     -0.176139000 
C        1.168079000     -0.957622000      0.159779000 
C       -0.094591000     -2.203126000      4.686275000 
H        0.264390000     -3.240514000      4.580475000 
H       -1.077943000     -2.236687000      5.186020000 
H        0.595369000     -1.675322000      5.365694000 
C       -0.679162000     -0.062610000      3.504754000 
H       -0.712840000      0.468298000      2.534945000 
H       -0.031971000      0.512361000      4.189573000 
H       -1.701192000     -0.052899000      3.923030000 
C       -0.166071000     -1.490068000      3.342553000 
H        0.863784000     -1.431429000      2.945925000 
C       -1.005830000     -2.244009000      2.334114000 
C       -0.538146000     -2.536731000      1.044390000 
C       -1.312230000     -3.207464000      0.083528000 
C       -0.802307000     -3.499071000     -1.313895000 
H        0.220342000     -3.090368000     -1.400379000 
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C       -1.640349000     -2.805800000     -2.381971000 
H       -1.676686000     -1.717556000     -2.213014000 
H       -2.681471000     -3.175078000     -2.385967000 
H       -1.219225000     -2.998558000     -3.383910000 
C       -0.709458000     -4.999604000     -1.565488000 
H       -0.076003000     -5.501280000     -0.814190000 
H       -0.277207000     -5.201841000     -2.559959000 
H       -1.703946000     -5.478016000     -1.535235000 
C       -2.598556000     -3.602795000      0.456782000 
H       -3.231124000     -4.127616000     -0.267534000 
C       -3.093043000     -3.321761000      1.725513000 
H       -4.107151000     -3.631588000      1.996300000 
C       -2.306612000     -2.644930000      2.652391000 
H       -2.709512000     -2.425574000      3.646829000 
C        1.845415000     -3.064959000      0.662902000 
H        1.727477000     -4.081990000      1.033259000 
C        2.901424000     -2.422412000      0.111928000 
H        3.913422000     -2.754803000     -0.112987000 
C        2.644802000     -1.533600000     -4.003652000 
H        3.322377000     -2.249357000     -3.507140000 
H        3.237860000     -0.972337000     -4.747084000 
H        1.884260000     -2.114619000     -4.552626000 
C        1.009411000      0.354981000     -3.674536000 
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H        0.483857000      0.987155000     -2.936453000 
H        0.244520000     -0.210201000     -4.232898000 
H        1.513217000      1.018920000     -4.397939000 
C        1.983350000     -0.599441000     -2.995667000 
H        1.388488000     -1.227886000     -2.310725000 
C        3.039382000      0.126199000     -2.184305000 
C        3.307177000     -0.171579000     -0.839037000 
C        4.359221000      0.423842000     -0.113339000 
C        4.668397000      0.026757000      1.322340000 
H        4.565000000     -1.071757000      1.384916000 
C        6.092844000      0.357534000      1.740543000 
H        6.839524000     -0.027851000      1.027116000 
H        6.307220000     -0.089669000      2.724633000 
H        6.249656000      1.445142000      1.843116000 
C        3.686700000      0.624272000      2.328710000 
H        3.957948000      0.316041000      3.352042000 
H        2.646499000      0.302655000      2.154681000 
H        3.713318000      1.728189000      2.295301000 
C        5.105893000      1.405558000     -0.768449000 
H        5.920514000      1.909938000     -0.242274000 
C        4.834403000      1.754859000     -2.089514000 
H        5.431621000      2.530205000     -2.578590000 
C        3.827170000      1.109686000     -2.793928000 
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H        3.646006000      1.370872000     -3.841765000 
C        1.238423000      1.986213000      0.005042000 
O       -1.910259000      1.744210000     -0.569832000 
C       -2.709848000      0.759714000     -0.556817000 
O       -2.296281000     -0.406516000     -0.351206000 
C       -4.162619000      1.004089000     -0.791340000 
C       -5.047610000     -0.076525000     -0.867375000 
C       -4.647512000      2.308375000     -0.931695000 
C       -6.404339000      0.145413000     -1.084747000 
C       -6.005017000      2.529351000     -1.146042000 
C       -6.883774000      1.448436000     -1.223700000 
H        1.597610000      2.135637000     -1.027275000 
H        2.064826000      1.668417000      0.650643000 
C        0.531949000      3.161584000      0.542069000 
C       -0.070979000      4.100068000     -0.311137000 
C        0.423304000      3.364011000      1.928968000 
C       -0.757770000      5.196280000      0.200057000 
H       -0.002268000      3.947792000     -1.394482000 
C       -0.268014000      4.456618000      2.443105000 
H        0.889442000      2.638813000      2.607284000 
C       -0.863094000      5.378283000      1.580004000 
H       -1.219226000      5.916558000     -0.483236000 
H       -0.341643000      4.593951000      3.526686000 
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H       -1.406393000      6.238783000      1.982588000 
H       -4.650536000     -1.090061000     -0.752568000 
H       -7.094706000     -0.701419000     -1.145605000 
H       -7.950916000      1.622850000     -1.393022000 
H       -6.382811000      3.550732000     -1.252928000 
H       -3.943395000      3.143184000     -0.865916000 
 
isomer κ2 PBz(O-CAr) E=-1977.873011	
Pd      -0.192959000      0.382070000     -0.553575000 
N        0.807882000     -0.931575000      1.891150000 
N        2.210507000     -1.326557000      0.308486000 
C        1.081739000     -0.624118000      0.596949000 
C        1.494322000      1.558735000      3.986615000 
H        1.954704000      0.557294000      3.952375000 
H        1.071219000      1.696780000      4.997792000 
H        2.300986000      2.300507000      3.854157000 
C       -0.139461000      3.153917000      2.962627000 
H       -0.905566000      3.315887000      2.183696000 
H        0.668626000      3.883145000      2.791061000 
H       -0.587555000      3.395993000      3.941927000 
C        0.417240000      1.741536000      2.921065000 
H        0.896483000      1.613570000      1.931128000 
C       -0.651338000      0.673189000      3.036816000 
C       -0.436182000     -0.624836000      2.540213000 
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C       -1.403971000     -1.640869000      2.603448000 
C       -1.187566000     -3.020680000      2.011489000 
H       -0.277292000     -2.988560000      1.384565000 
C       -2.329400000     -3.451075000      1.097816000 
H       -2.496973000     -2.710249000      0.299441000 
H       -3.275164000     -3.579287000      1.653180000 
H       -2.095345000     -4.424707000      0.634607000 
C       -0.954439000     -4.049459000      3.113719000 
H       -0.101233000     -3.780680000      3.758726000 
H       -0.753274000     -5.045479000      2.684552000 
H       -1.843534000     -4.139944000      3.762546000 
C       -2.609919000     -1.340028000      3.245049000 
H       -3.385678000     -2.109158000      3.321876000 
C       -2.846205000     -0.072852000      3.760390000 
H       -3.800425000      0.148454000      4.248126000 
C       -1.881522000      0.925832000      3.647817000 
H       -2.095798000      1.922107000      4.043656000 
C        1.751127000     -1.809990000      2.405810000 
H        1.693818000     -2.176372000      3.429476000 
C        2.626909000     -2.068945000      1.406944000 
H        3.496224000     -2.722199000      1.365635000 
C        1.063141000     -4.169750000     -1.741419000 
H        1.752465000     -4.401236000     -0.910882000 
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H        1.517487000     -4.558809000     -2.670184000 
H        0.126443000     -4.726410000     -1.568367000 
C       -0.248620000     -2.364683000     -2.912237000 
H       -0.403819000     -1.276922000     -3.022345000 
H       -1.218185000     -2.812144000     -2.634896000 
H        0.026402000     -2.774035000     -3.899663000 
C        0.791627000     -2.671838000     -1.844745000 
H        0.351394000     -2.350944000     -0.885817000 
C        2.099539000     -1.929145000     -2.047093000 
C        2.826258000     -1.364060000     -0.984074000 
C        4.117746000     -0.818698000     -1.139139000 
C        4.918289000     -0.296319000      0.045668000 
H        4.845352000     -1.055984000      0.845080000 
C        6.398614000     -0.125298000     -0.256324000 
H        6.852141000     -1.040141000     -0.671139000 
H        6.941445000      0.126259000      0.668994000 
H        6.579514000      0.697970000     -0.968825000 
C        4.360651000      1.005817000      0.614717000 
H        4.966396000      1.335312000      1.475305000 
H        3.319203000      0.911461000      0.965084000 
H        4.395973000      1.807551000     -0.144236000 
C        4.637517000     -0.780222000     -2.435641000 
H        5.627123000     -0.351365000     -2.611001000 
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C        3.915850000     -1.278308000     -3.517263000 
H        4.342015000     -1.225364000     -4.523541000 
C        2.672243000     -1.863973000     -3.322176000 
H        2.133477000     -2.287359000     -4.175625000 
C        1.272013000      1.547972000     -1.366472000 
O       -2.259969000     -0.504007000     -0.224485000 
C       -2.690512000      0.247382000     -1.137669000 
O       -1.920514000      1.056585000     -1.734951000 
C       -4.130556000      0.180467000     -1.520991000 
C       -4.612604000      0.912850000     -2.610343000 
C       -5.009538000     -0.618703000     -0.781684000 
C       -5.957815000      0.840927000     -2.961295000 
C       -6.355087000     -0.686419000     -1.130265000 
C       -6.829882000      0.041972000     -2.221432000 
H        1.094336000      1.334015000     -2.437816000 
H        2.292762000      1.253337000     -1.090844000 
C        0.975277000      2.949987000     -1.007674000 
C       -0.065703000      3.658226000     -1.636413000 
C        1.725165000      3.624084000     -0.027005000 
C       -0.344316000      4.978124000     -1.296040000 
H       -0.664666000      3.147083000     -2.396816000 
C        1.456366000      4.949777000      0.301967000 
H        2.539543000      3.093788000      0.479271000 
	 317	
C        0.416294000      5.633983000     -0.326306000 
H       -1.161273000      5.505593000     -1.798963000 
H        2.064695000      5.453627000      1.060531000 
H        0.201699000      6.674908000     -0.065792000 
H       -4.619181000     -1.179640000      0.073222000 
H       -7.040220000     -1.309881000     -0.547876000 
H       -7.887793000     -0.012444000     -2.496465000 
H       -6.330919000      1.412299000     -3.816658000 
H       -3.916531000      1.536416000     -3.178283000 
 
SN2-RFBz(O-CAr) E=-2474.145757  
Pd      -1.338250000     -0.416416000     -0.795418000 
N       -2.261789000      1.616503000      1.297817000 
N       -3.941098000      0.433864000      0.706321000 
C       -2.607803000      0.579595000      0.483904000 
C       -0.064668000      0.888336000      4.782339000 
H       -0.370228000      1.898323000      5.103157000 
H        1.030822000      0.815792000      4.893956000 
H       -0.506350000      0.163040000      5.485589000 
C       -0.023805000     -0.792985000      2.915153000 
H       -0.413669000     -1.051356000      1.913863000 
H       -0.350935000     -1.572121000      3.624817000 
H        1.079156000     -0.821265000      2.858977000 
	 318	
C       -0.511979000      0.583030000      3.359483000 
H       -1.616987000      0.558311000      3.357026000 
C       -0.068287000      1.640327000      2.369387000 
C       -0.929607000      2.133393000      1.373103000 
C       -0.520698000      3.079235000      0.418198000 
C       -1.452700000      3.606398000     -0.653620000 
H       -2.437969000      3.124804000     -0.518291000 
C       -0.959664000      3.232848000     -2.046677000 
H       -0.881064000      2.134845000     -2.153556000 
H        0.031856000      3.669826000     -2.259986000 
H       -1.655521000      3.600907000     -2.819321000 
C       -1.656511000      5.110117000     -0.514551000 
H       -2.034695000      5.375459000      0.487403000 
H       -2.385497000      5.474945000     -1.257421000 
H       -0.716327000      5.665909000     -0.675305000 
C        0.805859000      3.520411000      0.470260000 
H        1.158213000      4.251255000     -0.265758000 
C        1.685188000      3.034553000      1.432201000 
H        2.724305000      3.378494000      1.444593000 
C        1.249636000      2.108187000      2.375068000 
H        1.953247000      1.726723000      3.121727000 
C       -3.351503000      2.108572000      2.000594000 
H       -3.262279000      2.940159000      2.698345000 
	 319	
C       -4.417248000      1.355314000      1.628641000 
H       -5.464131000      1.386435000      1.926901000 
C       -6.532530000      1.787157000     -2.212717000 
H       -7.246800000      1.851659000     -1.374874000 
H       -7.018315000      1.220853000     -3.025916000 
H       -6.362550000      2.809313000     -2.589800000 
C       -4.247903000      1.043458000     -2.960176000 
H       -3.276718000      0.618166000     -2.642151000 
H       -4.059980000      2.033543000     -3.409644000 
H       -4.657818000      0.388682000     -3.749725000 
C       -5.215840000      1.154225000     -1.784922000 
H       -4.751732000      1.826471000     -1.040672000 
C       -5.400331000     -0.203303000     -1.138892000 
C       -4.745072000     -0.552704000      0.054172000 
C       -4.827486000     -1.836701000      0.618535000 
C       -4.041811000     -2.229802000      1.852108000 
H       -3.621891000     -1.309647000      2.299058000 
C       -4.911329000     -2.896636000      2.909167000 
H       -5.769354000     -2.263840000      3.191738000 
H       -4.323961000     -3.094299000      3.821249000 
H       -5.308614000     -3.866771000      2.563998000 
C       -2.866760000     -3.118466000      1.451922000 
H       -2.255882000     -3.388653000      2.330255000 
	 320	
H       -2.214841000     -2.601635000      0.723149000 
H       -3.218254000     -4.056596000      0.986185000 
C       -5.615738000     -2.783278000     -0.043117000 
H       -5.696015000     -3.796483000      0.364580000 
C       -6.287698000     -2.460395000     -1.217165000 
H       -6.898788000     -3.215985000     -1.720266000 
C       -6.176662000     -1.184947000     -1.761665000 
H       -6.695209000     -0.949821000     -2.697011000 
C        1.547604000      0.050395000     -0.733970000 
O        2.979574000     -0.126753000     -0.873129000 
C        3.684391000     -0.422843000      0.208047000 
O        3.239327000     -0.694635000      1.293311000 
C        5.150127000     -0.378323000     -0.083844000 
C        5.979352000     -1.424070000      0.324142000 
C        5.734812000      0.717963000     -0.719935000 
C        7.349848000     -1.389710000      0.092522000 
C        7.105328000      0.771929000     -0.947711000 
C        7.911908000     -0.286987000     -0.543166000 
H        1.336083000      0.340137000      0.307508000 
H        1.303692000      0.895327000     -1.394009000 
C        0.775794000     -1.175714000     -1.125591000 
C        0.917423000     -2.375979000     -0.382124000 
C        0.031697000     -1.213163000     -2.336082000 
	 321	
C        0.344775000     -3.557158000     -0.825453000 
H        1.503277000     -2.356918000      0.543317000 
C       -0.585251000     -2.419260000     -2.743445000 
H        0.069156000     -0.361532000     -3.028187000 
C       -0.422623000     -3.580272000     -2.001755000 
H        0.476684000     -4.474017000     -0.242429000 
H       -1.156229000     -2.436487000     -3.677198000 
H       -0.888531000     -4.512622000     -2.334580000 
F        5.005158000      1.755044000     -1.087994000 
F        7.645848000      1.822900000     -1.534948000 
F        9.208884000     -0.244516000     -0.759884000 
F        8.117774000     -2.395725000      0.465739000 
F        5.476306000     -2.491275000      0.914124000 
 
SN2-TSFBz(O-CAr) E=-2474.117556 
46      -1.633458000     -0.560742000     -0.807965000 
7       -1.098276000      1.461373000      1.610759000 
7       -3.139771000      1.210292000      1.022456000 
6       -1.880231000      0.811839000      0.716939000 
6        0.682623000     -0.788933000      4.688860000 
1        0.854020000      0.158582000      5.226394000 
1        1.639660000     -1.336952000      4.655912000 
1       -0.012781000     -1.397462000      5.290131000 
	 322	
6       -0.024370000     -1.881884000      2.543155000 
1       -0.554890000     -1.742827000      1.584306000 
1       -0.585720000     -2.620374000      3.140982000 
1        0.969704000     -2.302801000      2.308720000 
6        0.112355000     -0.560791000      3.296196000 
1       -0.901303000     -0.135633000      3.418312000 
6        0.931783000      0.416110000      2.478371000 
6        0.332046000      1.375371000      1.643379000 
6        1.072801000      2.251367000      0.832830000 
6        0.417426000      3.275395000     -0.071099000 
1       -0.678488000      3.158933000      0.013137000 
6        0.781693000      3.042389000     -1.532590000 
1        0.479583000      2.033730000     -1.865496000 
1        1.867175000      3.142031000     -1.705511000 
1        0.274704000      3.777131000     -2.180405000 
6        0.759926000      4.693574000      0.369608000 
1        0.474343000      4.870935000      1.420485000 
1        0.232248000      5.434914000     -0.253507000 
1        1.841469000      4.894935000      0.278336000 
6        2.467059000      2.155404000      0.887672000 
1        3.077790000      2.821502000      0.268282000 
6        3.086953000      1.216163000      1.704127000 
1        4.180174000      1.152391000      1.731143000 
	 323	
6        2.327389000      0.349275000      2.482659000 
1        2.830035000     -0.403073000      3.097531000 
6       -1.857578000      2.258889000      2.457378000 
1       -1.399919000      2.860035000      3.241882000 
6       -3.154373000      2.095495000      2.087130000 
1       -4.077443000      2.522222000      2.476270000 
6       -4.970355000      3.807834000     -1.596186000 
1       -5.602549000      4.017378000     -0.717410000 
1       -5.638531000      3.575664000     -2.443280000 
1       -4.431759000      4.735002000     -1.852857000 
6       -3.120577000      2.393872000     -2.550746000 
1       -2.376767000      1.600174000     -2.344342000 
1       -2.574787000      3.299198000     -2.865971000 
1       -3.737725000      2.060953000     -3.404032000 
6       -3.984832000      2.678923000     -1.325306000 
1       -3.309840000      3.015190000     -0.517525000 
6       -4.674932000      1.412394000     -0.863254000 
6       -4.261967000      0.712845000      0.284676000 
6       -4.837544000     -0.506649000      0.682018000 
6       -4.344414000     -1.289670000      1.880558000 
1       -3.546342000     -0.703414000      2.371343000 
6       -5.450616000     -1.503303000      2.905862000 
1       -5.884528000     -0.545791000      3.239719000 
	 324	
1       -5.059177000     -2.024656000      3.795100000 
1       -6.270587000     -2.119586000      2.498291000 
6       -3.727542000     -2.611838000      1.435833000 
1       -3.317473000     -3.165421000      2.297221000 
1       -2.906052000     -2.440801000      0.715065000 
1       -4.472760000     -3.263483000      0.946156000 
6       -5.873399000     -1.017625000     -0.106086000 
1       -6.342193000     -1.967491000      0.171869000 
6       -6.306103000     -0.344240000     -1.243349000 
1       -7.114073000     -0.764001000     -1.850041000 
6       -5.712049000      0.857076000     -1.618181000 
1       -6.053263000      1.370169000     -2.523360000 
6        0.547265000     -1.085619000     -1.158907000 
8        2.439349000     -1.777665000     -1.660333000 
6        3.119813000     -1.811878000     -0.598434000 
8        2.840674000     -2.351827000      0.473123000 
6        4.403459000     -0.984973000     -0.647700000 
6        5.603071000     -1.429103000     -0.096075000 
6        4.378795000      0.310891000     -1.163050000 
6        6.734355000     -0.619256000     -0.052317000 
6        5.489686000      1.146084000     -1.108094000 
6        6.675173000      0.677588000     -0.553088000 
1        0.941404000     -1.056375000     -0.141475000 
	 325	
1        0.746602000     -0.247426000     -1.829761000 
6       -0.308693000     -2.165324000     -1.562031000 
6       -0.347071000     -3.398485000     -0.853243000 
6       -1.281586000     -1.912724000     -2.571421000 
6       -1.330670000     -4.320763000     -1.129004000 
1        0.435677000     -3.583827000     -0.109676000 
6       -2.297538000     -2.866856000     -2.811779000 
1       -1.149891000     -1.066842000     -3.259429000 
6       -2.326461000     -4.046130000     -2.093187000 
1       -1.350758000     -5.272480000     -0.589694000 
1       -3.043958000     -2.671821000     -3.587757000 
1       -3.112427000     -4.783017000     -2.283013000 
9        3.272451000      0.824306000     -1.681637000 
9        5.416923000      2.389376000     -1.561627000 
9        7.740530000      1.456427000     -0.504319000 
9        7.867901000     -1.072469000      0.459231000 
9        5.715752000     -2.654696000      0.392438000 
 
SN2-PFBz(O-CAr) E=-2474.134087 
46      -1.729492000     -0.581111000     -0.671154000 
7       -0.916265000      1.614237000      1.537270000 
7       -2.977301000      1.343874000      1.020923000 
6       -1.729855000      0.920340000      0.717708000 
	 326	
6        0.926138000     -0.588149000      4.640432000 
1        1.169537000      0.356814000      5.154209000 
1        1.851678000     -1.184538000      4.571008000 
1        0.231201000     -1.153139000      5.283124000 
6        0.085409000     -1.678952000      2.544409000 
1       -0.514305000     -1.540135000      1.627078000 
1       -0.441213000     -2.401501000      3.191569000 
1        1.049794000     -2.115494000      2.229566000 
6        0.301159000     -0.353539000      3.272637000 
1       -0.688999000      0.112748000      3.436450000 
6        1.117533000      0.581264000      2.404566000 
6        0.514230000      1.512629000      1.542034000 
6        1.243853000      2.348173000      0.681043000 
6        0.581084000      3.333652000     -0.259171000 
1       -0.514559000      3.239905000     -0.144484000 
6        0.908681000      3.015513000     -1.713195000 
1        0.581358000      1.997786000     -1.984420000 
1        1.992266000      3.075535000     -1.912200000 
1        0.406072000      3.726297000     -2.390359000 
6        0.954837000      4.767858000      0.095532000 
1        0.701755000      5.005578000      1.142743000 
1        0.419739000      5.482312000     -0.552064000 
1        2.035741000      4.948003000     -0.036843000 
	 327	
6        2.637673000      2.244770000      0.718079000 
1        3.243521000      2.880719000      0.062639000 
6        3.262912000      1.338154000      1.566603000 
1        4.355811000      1.270994000      1.581342000 
6        2.512240000      0.505132000      2.388835000 
1        3.021256000     -0.225586000      3.024289000 
6       -1.651340000      2.474203000      2.344548000 
1       -1.168352000      3.123748000      3.073241000 
6       -2.960396000      2.299520000      2.020791000 
1       -3.868832000      2.761745000      2.403417000 
6       -4.832440000      3.745687000     -1.719358000 
1       -5.438216000      3.989153000     -0.830913000 
1       -5.524117000      3.464053000     -2.531715000 
1       -4.314261000      4.665438000     -2.036992000 
6       -2.989450000      2.315964000     -2.663813000 
1       -2.239437000      1.531580000     -2.449763000 
1       -2.453855000      3.210701000     -3.022717000 
1       -3.625546000      1.953840000     -3.490738000 
6       -3.823692000      2.642218000     -1.428209000 
1       -3.132878000      3.021459000     -0.653884000 
6       -4.489439000      1.391239000     -0.894781000 
6       -4.085292000      0.777848000      0.307314000 
6       -4.642379000     -0.428772000      0.774223000 
	 328	
6       -4.177750000     -1.103442000      2.047370000 
1       -3.363226000     -0.496192000      2.482649000 
6       -5.300191000     -1.163299000      3.076527000 
1       -5.696432000     -0.158790000      3.301216000 
1       -4.937312000     -1.602320000      4.020411000 
1       -6.141213000     -1.785111000      2.724143000 
6       -3.607808000     -2.487205000      1.756952000 
1       -3.243141000     -2.961376000      2.683188000 
1       -2.758503000     -2.431681000      1.050018000 
1       -4.365184000     -3.159812000      1.317624000 
6       -5.651847000     -1.012030000      0.000281000 
1       -6.108646000     -1.949794000      0.333160000 
6       -6.076831000     -0.421805000     -1.184632000 
1       -6.864973000     -0.897076000     -1.775998000 
6       -5.500625000      0.765341000     -1.627818000 
1       -5.834444000      1.210287000     -2.570834000 
6        0.219214000     -0.945011000     -1.257577000 
8        2.827633000     -2.744246000     -1.757843000 
6        3.094632000     -2.278709000     -0.645236000 
8        2.601819000     -2.517717000      0.473721000 
6        4.204845000     -1.203446000     -0.639230000 
6        5.404881000     -1.404349000      0.031863000 
6        4.046967000      0.004368000     -1.307695000 
	 329	
6        6.417357000     -0.448728000      0.038646000 
6        5.033270000      0.984608000     -1.304137000 
6        6.228245000      0.756294000     -0.631066000 
1        0.966635000     -0.950297000     -0.453546000 
1        0.391344000     -0.220191000     -2.064901000 
6       -0.453590000     -2.179351000     -1.568477000 
6       -0.252179000     -3.370793000     -0.815101000 
6       -1.581180000     -2.083593000     -2.434666000 
6       -1.154600000     -4.404847000     -0.926575000 
1        0.645019000     -3.419352000     -0.182615000 
6       -2.504320000     -3.148603000     -2.504231000 
1       -1.655080000     -1.247196000     -3.142925000 
6       -2.294447000     -4.288793000     -1.752613000 
1       -0.995816000     -5.327183000     -0.359789000 
1       -3.367492000     -3.072913000     -3.171904000 
1       -3.005927000     -5.117993000     -1.808947000 
9        2.910414000      0.289513000     -1.938748000 
9        4.831515000      2.150583000     -1.907161000 
9        7.176252000      1.679915000     -0.622461000 
9        7.559725000     -0.675411000      0.671361000 
9        5.629003000     -2.542287000      0.681149000 
 
C6F5COO anion E=-916.454657  
	 330	
O       -3.011898000     -0.427746000      1.044986000 
C       -2.508857000     -0.000001000     -0.000009000 
O       -3.011867000      0.427751000     -1.045016000 
C       -0.948785000     -0.000003000      0.000005000 
C       -0.223990000      1.183539000      0.028255000 
C       -0.223987000     -1.183536000     -0.028220000 
C        1.167581000      1.201309000      0.036224000 
C        1.167591000     -1.201311000     -0.036247000 
C        1.868147000     -0.000003000      0.000010000 
F       -0.853093000     -2.357441000     -0.067874000 
F        1.834112000     -2.348292000     -0.079211000 
F        3.193963000      0.000014000      0.000007000 
F        1.834119000      2.348284000      0.079186000 
F       -0.853110000      2.357433000      0.067909000 
 
isomer κ1 PFBz(O-CAr) E=-2474.151299 
Pd       0.428890000      0.137486000      0.112788000 
N        1.924160000     -2.162568000      0.625334000 
N        3.459635000     -0.838695000     -0.066684000 
C        2.136458000     -0.892350000      0.204344000 
C        1.220897000     -2.682933000      4.499087000 
H        1.689564000     -3.621769000      4.158813000 
H        0.277130000     -2.944648000      5.008146000 
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H        1.886092000     -2.226627000      5.250931000 
C        0.375734000     -0.408247000      3.811028000 
H        0.212044000      0.283770000      2.964020000 
H        1.036669000      0.090126000      4.540049000 
H       -0.599242000     -0.565067000      4.303767000 
C        0.984260000     -1.724323000      3.338727000 
H        1.970215000     -1.489953000      2.896099000 
C        0.125099000     -2.361195000      2.266712000 
C        0.593908000     -2.583649000      0.958195000 
C       -0.212734000     -3.122073000     -0.062926000 
C        0.295658000     -3.327047000     -1.473381000 
H        1.328438000     -2.938861000     -1.524734000 
C       -0.531648000     -2.537454000     -2.479683000 
H       -0.580521000     -1.465110000     -2.216655000 
H       -1.569150000     -2.909688000     -2.537478000 
H       -0.095910000     -2.623876000     -3.489493000 
C        0.348735000     -4.809354000     -1.823217000 
H        0.979486000     -5.372160000     -1.114091000 
H        0.763669000     -4.955592000     -2.834407000 
H       -0.657684000     -5.262689000     -1.809256000 
C       -1.530001000     -3.454488000      0.266617000 
H       -2.191232000     -3.856582000     -0.508188000 
C       -2.014929000     -3.258643000      1.555333000 
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H       -3.051150000     -3.519485000      1.790816000 
C       -1.196857000     -2.719857000      2.543791000 
H       -1.598105000     -2.556959000      3.549431000 
C        3.089171000     -2.907545000      0.610400000 
H        3.114219000     -3.953170000      0.913507000 
C        4.062084000     -2.070227000      0.166298000 
H        5.126520000     -2.223695000     -0.005878000 
C        4.307810000     -1.073704000     -3.859487000 
H        5.110228000     -1.575274000     -3.291951000 
H        4.782418000     -0.329582000     -4.522878000 
H        3.823426000     -1.829487000     -4.500062000 
C        2.160643000      0.233581000     -3.717043000 
H        1.368978000      0.620786000     -3.052695000 
H        1.691999000     -0.498296000     -4.395642000 
H        2.524004000      1.069545000     -4.339318000 
C        3.289169000     -0.421043000     -2.930464000 
H        2.835944000     -1.225633000     -2.324130000 
C        3.985269000      0.547450000     -1.994572000 
C        4.116989000      0.307368000     -0.618496000 
C        4.826178000      1.155559000      0.250154000 
C        4.940266000      0.852014000      1.732207000 
H        4.917640000     -0.247458000      1.848293000 
C        6.244093000      1.345575000      2.340925000 
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H        7.123757000      1.010400000      1.767120000 
H        6.348097000      0.967250000      3.370831000 
H        6.278250000      2.446905000      2.400860000 
C        3.749671000      1.413234000      2.507338000 
H        3.852548000      1.195064000      3.583763000 
H        2.789983000      0.985521000      2.171278000 
H        3.692186000      2.510783000      2.391237000 
C        5.378246000      2.314142000     -0.301262000 
H        5.926472000      3.011845000      0.338691000 
C        5.236932000      2.597796000     -1.657804000 
H        5.671616000      3.514450000     -2.067476000 
C        4.561052000      1.719497000     -2.496383000 
H        4.475261000      1.945586000     -3.564500000 
C        1.299950000      1.951150000     -0.286321000 
O       -1.896067000      0.645580000     -2.004484000 
C       -2.290768000      0.621483000     -0.846835000 
O       -1.611013000      0.658336000      0.227764000 
C       -3.783680000      0.495149000     -0.594967000 
C       -4.507464000      1.480021000      0.066769000 
C       -4.464784000     -0.640842000     -1.018377000 
C       -5.873626000      1.348028000      0.295322000 
C       -5.827106000     -0.802307000     -0.789136000 
C       -6.534005000      0.201322000     -0.134347000 
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H        1.597132000      1.886829000     -1.344991000 
H        2.184310000      2.009282000      0.364326000 
C        0.306660000      2.997979000     -0.014372000 
C       -0.478014000      3.533262000     -1.048320000 
C        0.108741000      3.476330000      1.291823000 
C       -1.430171000      4.511700000     -0.784645000 
H       -0.337103000      3.158476000     -2.067778000 
C       -0.845993000      4.452159000      1.556633000 
H        0.712226000      3.058730000      2.107188000 
C       -1.618237000      4.975242000      0.518347000 
H       -2.035252000      4.916799000     -1.601879000 
H       -0.989823000      4.810938000      2.580597000 
H       -2.372604000      5.740322000      0.725895000 
F       -3.814583000     -1.624986000     -1.626499000 
F       -6.453062000     -1.899141000     -1.183912000 
F       -7.829817000      0.064118000      0.082054000 
F       -6.549439000      2.301253000      0.915649000 
F       -3.907940000      2.582628000      0.492122000 
 
isomer κ2 PFBz(O-CAr) E=-2474.149765  
Pd       0.492395000      0.349529000     -0.608756000 
N        1.332319000     -1.356170000      1.603941000 
N        3.111376000     -0.930012000      0.466920000 
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C        1.782565000     -0.647873000      0.533042000 
C       -0.171272000      0.845855000      4.515926000 
H        0.445353000      0.046270000      4.960449000 
H       -1.170023000      0.796913000      4.983959000 
H        0.277903000      1.813667000      4.795311000 
C       -1.086605000      1.828974000      2.383392000 
H       -1.086299000      1.776075000      1.277813000 
H       -0.682318000      2.814625000      2.667205000 
H       -2.136835000      1.796403000      2.721682000 
C       -0.257258000      0.706993000      3.000801000 
H        0.768371000      0.793892000      2.598967000 
C       -0.805781000     -0.646440000      2.603283000 
C       -0.051781000     -1.605022000      1.912117000 
C       -0.600846000     -2.821102000      1.465486000 
C        0.166784000     -3.802965000      0.601643000 
H        1.144430000     -3.354089000      0.348838000 
C       -0.550533000     -4.060932000     -0.719572000 
H       -0.773069000     -3.117126000     -1.241914000 
H       -1.506766000     -4.591861000     -0.568831000 
H        0.071765000     -4.692897000     -1.376357000 
C        0.439450000     -5.106859000      1.342366000 
H        0.994986000     -4.940796000      2.280624000 
H        1.032516000     -5.795043000      0.716569000 
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H       -0.502138000     -5.622345000      1.601132000 
C       -1.928941000     -3.094356000      1.797685000 
H       -2.383931000     -4.032606000      1.463013000 
C       -2.687388000     -2.181088000      2.520401000 
H       -3.727957000     -2.410556000      2.770612000 
C       -2.134211000     -0.965095000      2.903907000 
H       -2.747915000     -0.240601000      3.449866000 
C        2.365594000     -2.062491000      2.201229000 
H        2.196761000     -2.693853000      3.071715000 
C        3.481494000     -1.807933000      1.478888000 
H        4.499907000     -2.179559000      1.574078000 
C        3.407793000     -3.324707000     -2.325598000 
H        3.929385000     -3.585859000     -1.388339000 
H        4.156347000     -3.336740000     -3.137934000 
H        2.672123000     -4.119862000     -2.535275000 
C        1.923921000     -1.645108000     -3.479355000 
H        1.437917000     -0.656280000     -3.405166000 
H        1.130230000     -2.396458000     -3.626638000 
H        2.547421000     -1.652654000     -4.389857000 
C        2.722795000     -1.964827000     -2.224867000 
H        1.993669000     -2.026310000     -1.399902000 
C        3.749738000     -0.901839000     -1.883079000 
C        3.992082000     -0.471248000     -0.566875000 
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C        5.052798000      0.393919000     -0.225722000 
C        5.341315000      0.785974000      1.215597000 
H        5.286342000     -0.135762000      1.822099000 
C        6.735410000      1.357879000      1.418482000 
H        7.522468000      0.700804000      1.014000000 
H        6.930817000      1.490474000      2.494779000 
H        6.845048000      2.350203000      0.948040000 
C        4.303557000      1.753952000      1.776520000 
H        4.548799000      2.014363000      2.819475000 
H        3.283095000      1.335751000      1.774123000 
H        4.292857000      2.691161000      1.192070000 
C        5.829455000      0.890767000     -1.275411000 
H        6.651515000      1.578772000     -1.063470000 
C        5.576064000      0.527262000     -2.595269000 
H        6.193380000      0.939024000     -3.399222000 
C        4.562393000     -0.373349000     -2.892215000 
H        4.398732000     -0.681451000     -3.929580000 
C        1.773644000      1.906328000     -0.944899000 
O       -1.420421000     -0.907213000     -0.603626000 
C       -1.999645000      0.083033000     -1.101739000 
O       -1.375398000      1.050351000     -1.611192000 
C       -3.494119000      0.141183000     -1.007737000 
C       -4.154930000      1.348733000     -0.764612000 
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C       -4.266158000     -1.023853000     -1.061581000 
C       -5.535618000      1.398281000     -0.597050000 
C       -5.647088000     -0.986903000     -0.905120000 
C       -6.282159000      0.227930000     -0.668508000 
H        1.900534000      1.823111000     -2.040688000 
H        2.743784000      1.804631000     -0.442856000 
C        1.046508000      3.124802000     -0.539123000 
C        0.060072000      3.689884000     -1.367007000 
C        1.295496000      3.743360000      0.699421000 
C       -0.663705000      4.806484000     -0.962668000 
H       -0.146093000      3.224651000     -2.335686000 
C        0.585570000      4.872466000      1.096237000 
H        2.059638000      3.321102000      1.361261000 
C       -0.406812000      5.403867000      0.272214000 
H       -1.437127000      5.217463000     -1.619370000 
H        0.802109000      5.337533000      2.063605000 
H       -0.973998000      6.284902000      0.587849000 
F       -3.714034000     -2.202591000     -1.283705000 
F       -6.360512000     -2.097337000     -0.977663000 
F       -7.589766000      0.268090000     -0.511252000 
F       -6.140072000      2.548843000     -0.357130000 
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